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Inhibitors of human Neutrophil Elastase 
and human Cathepsin G 

BACKGROUND OF TEE INVENTION 

Field of the invention 
5 The present invention relates to novel protease inhibitors 

and, in particular to small engineered proteins that inhibit human 
neutrophil elastaBe (hNE) and to proteins that inhibit human 
cathepsin G (hCG) . 
Description of the Background Art 

10 Neutrophil Elastase and Cathepsin G. The active sites of 

serine proteases are highly similar. Trypsin, chymo trypsin, 
neutrophil elastase, cathepsin G and many other proteases share 
strong sequence homology. The so-called catalytic triad comprises 
{in standard chymo trypsinogen numbering) aspartic acid- 102, 

15 histidine-57, and serine- 195* Residues close to the catalytic 
triad determine the substrate specificity of the particular enzyme 
I Cf . CREI84, p366-7) . The structure and function of the digestive 
enzymes trypsin, pancreatic elastase, and chymotrypsin has been 
more throughly studied than have the neutrophil enzymes. X-ray 

20 structures^ of hNE complexed with a substrate have been solved and 
the* similarity of the active site of hNE to that of trypsin is 
very high. The specificity of hNE is higher than trypsin and 
lower than Factor X,. 

Serine proteases are ubiquitous in living organisms and play 

25 vital .roles in -processes such as: digestion, blood clotting, 
fibrinolysis, immune response, fertilization, and post- transla- 
tional processing of peptide hormones. Although the roles these 
enzymes play is vital, uncontrolled or inappropriate proteolytic 
activity can be very damaging. Several serine proteases are 

30 directly involved in serious disease states. 

Human Neutrophil Elastase (hNE, or HLE; EC 3.4.21.11) is a 29 
Kd serum protease with a wide spectrum of activity against 
extracellular matrix components (CAMP82, CAMP88, MCWH89, and 
references therein) . The enzyme is one of the major neutral 
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oroteases of the azurophil granule, of polymorphonuclear 

5 IZ L principal physiological inhibitor of hNE (HEID86) . or he 
Ina tivation of C-PI by oxidation (•«*«•. -*r~- ■ 
extensive destruction of lung tissue *»y result » ^ 
elastolytic activity of hNE (CANT89, BEIT86. HUBB86. 
HDTC87. SOMM90. HEWE87) . Several human respiratory 
W ^ cystic fibrosis and emphysema, are charactered by an 
increased neutrophil burden on the epithelial surface 
.SHXD91 MCEL91. GOLDS 6) and hNE release by neutrophUs « 
in the progress of these disorders (MCEL91. WEIS89, ._ 
~hNE is plicated as an essential ingredient in the p««— 

15 cycle of: 

,-> (excess secretion of proteases by neutrophxls)-, 

r~ < 

(inflammation) 

i 

(recruitment of neutrophils) 



25 



30 



35 



observed in cystic fibrosis (CP) (NADE90) . Inappropriate hNE 
activity is very harmful and to stop the progression of emphysema 
rLvia« the symptoms of CP. an inhibitor of «, ' high 
affinity is needed, The inhibitor must be very specific to hNE 
lest it inhibit other vita! serine proteases or esterases Nadel 

(NMJE90) has suggested that onset of exc cretum « 

£ 10 » M hNE; thus, the inhibitor must reduce the concentrat on 
of free hNE to well below this level. Thus. hNE is an enzyme for 
which an excellent inhibitor is needed. 

There are reports that suggest that Proteose 3 (also known 
as p29 or PR-3) is as important or even more important than 
see NILE89. MNA90. KAOR88. CAMP90. and GUPT90. Cathepsl* , G » 

another protease produced by neutrophil that may cm >*~" 
when present in excess; see PERR90, PETE89, SM.V87, and SOMM90. 



WO 92/15605 



PCT/US92/01501 



3 

Cathepsin G is less stable than hNE and thus harder to study in 
vitro. Powers and Harper (POWE86) indicate that cathepsin G is 
involved in inflammation, emphysema, adult respiratory distress 
syndrome, and rheumatoid arthritis. 
5 Proteinaceous Serine Protease Inhibitors . A large number of 

proteins act as serine protease inhibitors by serving as a highly 
specific, limited proteolysis substrate for their target enzymes. 
In many cases, the reactive site peptide bond ("scissile bond") is 
encompassed in at least one disulfide loop, which insures that 

10 during conversion of virgin to modified inhibitor the two peptide 
chains cannot dissociate. 

A special nomenclature has evolved for describing the active 
site of the inhibitor. Starting at the residue on the amino side 
of the scissile bond, and moving away from the bond, residues are 

15 named PI, P2, P3, etc. (SCHE67) . Residues that follow the 
scissile bond are called PI', P2', P3', etc . It has been found 
that the main chain of protein inhibitors having very different 
overall structure are highly similar in the region between P3 and 
P3' with especially high similarity for P2, P, and Pi' (LASK80 and 

20 works cited therein) . It is generally accepted that each serine 
protease has sites SI, S2. etc. that receive the side groups of 
residues Pi, P2, etc. of the substrate or inhibitor and sites SI', 
S2 ' , etc. that receive the side groups of Pi*, P2', etc. of the 
substrate or inhibitor (SCHE67) . It is the interactions between 

25 the : S sites and the P side groups that give the protease 
specificity with respect to substrates and the inhibitors 
specificity with respect to proteases. 

The serine protease inhibitors have been grouped into 
families according to both sequence similarity and the topological 

30 relationship of their active site and disulfide loops. The 
families include the bovine pancreatic trypsin inhibitor (Kunitz) , 
pancreatic secretory trypsin inhibitor (Kazal) , the Bowman-Birk 
inhibitor, and soybean trypsin inhibitor (Kunitz) families. Some 
inhibitors have several reactive sites on a single polypeptide 
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chains, and these distinct -T — 

specificities, and even topology. lnhi bitors 
one of the more unusual character ietics o ^ 

U their abiUty to ^ £ u«her been found 
5 after replacement of the PI " slau ionj ^ more 
that substituting a^no a= de in ^ P to ^ 
particularly the P3 to P3 regi • the BFTI 

specificity of an inh^ ^KSO «* ^ ^ inhibit 
(Kunitz) family, mhibxtor. with y^ ^ ^ 
„ trypsin, those with Pi-Tyr. are likel y to inhibit 
chymotrypsin^ the y continue, inhibitors 
elastase. Among the Kazal lnni elaataae, and in the 
pi - Leu or Met are strong inhibitors of a ^ 
Bowman-Kir* family elastase is inhibitea w^u „ 

" " ~ wiil next discuss a number of P"tei = .f ^ 
and anti-cathepsin o inhibitors of particular ^"^^ OTI 
and cathepsin 6 inhibitors include <*<™*™ ■ "* 

(OE BH 86) . the eglin/barley — 

20 the serpin family inhibitors alphal-antichym ryp 

antitrypsin (BARR86). A logical approach 

*-«^^~J£^r^-"« levels is 
to treatment of diseases attributable^ inlllbltor , „.K. 

treatment with the Oogenous ^ ptotecting 

25 ST0H90 reports that «X-« is «*r 

MM " r r ^ct^'in vivTas onl might have estate* fro, in 
about 16% as effective an vivo therapeutic 

vlt ro measurements. ^tf aeVo^ol ^ni«ration of to 
effect. A preliminary study of aerosol a treatnent can be 

....... «<H~..is oatients indicates that such tre 

3 " S I c ivTboth in prevention of respiratory ^ ™ - 

augmentation of host ^^Z ^ L^ « » 
However, there are f»« lca * f iMlude t he relatively 

a pulmonary anti-elastolytic agent. These in 
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large size of the molecule (394 residues, 51 Kd) , the lack of 
intramolecular stabilizing disulfide bridges, and specific post 
translational modifications of the protein by glycosylation at 
three sites. HEIM91 reports inhibition of PMN leukocyte -mediated 
5 endothelial cell detachment by protease inhibitors . They compared 
secretory leukocyte protease inhibitor (SLPI) , al-protease 
inhibitor (al-PI) , and a chloromethylketone inhibitor (CMK) . 
While SLPI and CMK inhibited the hNE mediated cell detachment, al- 
PI did not; the author suggest that, because of its size, al-PI 
10 can not penetrate to the site at which hNE acts* As the 
inhibitors disclosed in the present invention are smaller than 
SLPI, we expect them to move freely throughout the extracellular 
space . 

Moreover, both cleaved Qfj-PI and the aj-PI/hNE complex 

15 (BAND88a,b) may be neutrophil chemoattractants . This could be a 
serious disadvantage if one wishes to interupt the cycle by which 
excessive numbers of neutrophils migrate to the lung, release hNE, 
the hNE reacts with at -PI generating a signal for more neutrophils 
to migrate to the lungs. Hence a small, stable, nontoxic, and 

20 potent inhibitor of hNE would be of great therapeutic value. 

Human Pancreatic Secretory Trypsin Inhibitor. This is a 
Kazal *f amily inhibitor. The inhibitors of this family are stored 
in zymogen granules and secreted with the zymogens in pancreatic 
juice. In general, the natural Kazal inhibitors are specific for 

25 trypsin. However, there are exceptions, such as certain domains 
of *- ovomucoids and ovoinhibitors , that inhibit chymotrypsin, 
subtilisin and elastase. 

While the wild type hPSTI is completely inactive toward hNE, 
Collins et al. (COLL90) report designed variants of human 

30 pancreatic secretory trypsin inhibitor (hPSTI) having high 
affinity for hNE. Three of the reported variants have Kj for hNE 
below 10 pM: PSTI-5D36 at 7.3 pM, PSTI-4A40 at 7 pM, and PSTI-4F21 
at 5.2 pM. 

Squash Seed Inhibitor. The squash seed inhibitors are yet 
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anther family of serine protease inhibitors. «"« 
far have lysine or arginine at the PI residue, inhibit trypan 
and are completely inactive toward hNE. MoKherter et .2 - 11M» 
synthesized several homologues of the squash-eeed inhibitor. CMTC 
5 m CKn-III ha, a * for trypsin of 1..-10- M. McWherter et 
al. (MCWH89, suggested substitution of -moderately bulky hydropho- 
bic groups" at PI to confer BLE (same as hNE) specificity, 
cathepsin 6, they expected buUcy (especially aromatic, side group, 
o be'etrongly preferred, They found that PHE. » «T. and 
IB were functional by their criteria; they did not test TR* TTR or 
HIS (Bote that MA has the second BBUSat 9«»P 
available.) They found that a wider set of J""*£ 
(VM,. !LE. LEU. «*. — GtY> a«ectable bind.hgto 

1. ,„.■,., rwrr-TlIIVM.) has Kj • 9 nM relative to hNE. 

-jcunlt.- Domain Proteinase Inhibitors. Bovine pancreatic 
trypsin inibitor (BPTI. a.k.a. aprotonin) is a 58 "• ■•»»• 
proteinase inhibitor of the BPTI (Kunitz) domain (KuDom) family 
Under the tradename TRASYLOL, it is used for counting the 
effects of trypsin released during pancreatitis. Not only is its 
Talo aciTUuence known, t*. 3D structure of - 
determined at high resolution by X-ray dxffraction 
MARQ83, WLOD84, WLGWa. WLOD87b) , neutron diffraction (WL0D84, 
and by NMR (WAGN87) . One of the X-ray structures is deposited in 
the Brookhaven Protein Data Bank as "6PTI" [sic]. The 3D 
structure of various BPTI homologues (EIGE90, HYNE90) are also 
known. At least sixty homologues have been reported; the fences 
of 39 homologues are given in Table 13. and the amino acid types 
appearing at each position are compiled in Table 15. The known 
human homologues include domains of Lipoprotein Associated 
Coagulation Inhibitor (LACI) (WUNT88, GIRA89) , Inter -a- Trypsin 
inhibitor <ALBR83a, ALBR83b, DIAR90, ENGH89 . TRIB86, GEBH86 , 
GEBH90, KAUM86 , ODOM90, SALI90) , and the Alzheimer beta-Amyloid 
Precursor Protein. Circularized BPTI and circularly permuted 
BPTI have binding properties similar to BPTI (GOLD83) . Some 
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proteins homologous to BPTT have more or fewer residues at either 
terminus . 

In BPTI, the Pi residue is at position 15. Tschesche et al. 
(TSCH87) reported on the binding of several BPTI PI derivatives to 
various proteases: 



10 



Dissociation constants for BPTI PI derivatives, Molar. 

Chymotrypsin Elastase Elastase 



Residue Trypsin 

#15 (bovine (bovine 
PI pancreas) pancreas) 



(porcine 

pancreas) 



(human 
leukocytes) 



15 



lysine G.0-1(T M 
glycine 
alanine + 
valine 
leucine 



9.0-10' 9 



+ 

2.8-10"* 
S.7'10"* 
1.9 -10* 1 



3.5-10* (WT) 

7.0- KT 9 
2.5-10' 9 

1.1- io- 10 

2.9-10" 9 



From the report of Tschesche et al. we infer that molecular 
pairs marked " + " have K„s % 3.5-KT 6 M and that molecular pairs 
marked have X<s » 3.5-10" 6 M. It is apparent that wild- type 

20 BPTI has only modest affinity for hNE, however, mutants of BPTI 
with, higher -affinity are -known. While not shown in the Table, 
BPTI idoes not significantly bind hCG. However, Brinkmann and 
Tschesche (BRIN90) made a triple mutant of BPTI (viz. K15F, R17F, 
M52E) that has a Kj with respect to hCG of 5.0 x 10' 7 M. 

25 Works concerning BPTI and its hamologues include: STAT87, 

SGHW87,.;GpLD83, CHAZ83, CREI74, CREI77a, CREI77b, CREI80, SIEK87, 
SINH90, RUEH73, HUBE74, HUBE75, HUBE77KID088 , PONT88, KIDO90, 
AUER87, AUER90, SCOT87b, AUER88 , AUER89, BBCK88b, WACH79 , WACH8 0 , 
BECK89a, DUFT85, FIOR88, GIRA89, GOLD84, GOLD88, HOCH84, RIT083, 

30 NORR89a, NORR89b, OLTE89, SWAI88, and WAGN79 . 

Inter- or- trypsin inhibitor (ITI) is a large (^ ca 240,000) 
circulating protease inhibitor found in the plasma of many 
mammalian species (for reviews see ODOM90, SALI90, GEBH9 0 , 
GEBH86) . Its affinity constant for hNE is 60-150 nM; for 

35 Cathepsin G it is 20-6000 nM. The intact inhibitor is a glyco- 
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protein and ie currently believed to consist of three 
subunits that interact through a .trong glycosaminoglycan linkage 
«L».. — ». *" anti-trypsin actx vity o £ 

in is seated on the sliest subunit (ITI light chain 
^glycosylated M, ca 15.000) which is identical in amino acid 

» ■» «*» lnhU,it ° r £ ° Uni ^ UliM Til" 

serum (HI) (GEBH86 . GBBH90) . The mature light chain consists of 

a 21 residue N-terminal sequence, glycosylated at SE*„. «W 
by two tandem KuDoms the first of which is glycosylated at ASH„ 
.ocomo, . in the human-protein, the second KuDom OBJ « B- 
8t) has been shown to inhibit trypsin, chymotrypsin 
WIU*. M^b. SELL67, SWAI88) . The first domain (ITI-D1 or 
HI-8e comprising residues 22-76 of the DTI sequence shown in Fig. 
Tl aZL laL these activities (M **83a.n. SWH88, but has 
is been reported to inhibit leukocyte elastase <10-> * > «■ < y 
^8 3 ab.O D O« S 0,andcathep.inG<SW«68.O O O M S0,. 

is. however, too weak to be directly useful. 

Sinha et al. (HMD report converting the 
Alzheimer's S-amyloid precursor protein into an hNB inhibitor 
20 having K. - 800 pM when valine was substituted for arginine at the 
Tslte (residue 13, . They made a second protein having three 
mutations (vi*. BWCP11. »1«(P10. M15I(P2 , >) ■ The changes at 
Pi. and »• correspond to the amino acids found in the active site 
of B.-PI. This protein is completely inactive with respect to hUB. 
25 They state, -caution should therefore be used in -""P**"* 
stte-specific mutagenesis results among mechanistically unrelated 
inhibitors, in addition, unpredictable results can be obtained 
even within the KuDom family, as our experience with chymotrypsin 
and kallikrein illustrate." 
30 Sonproteinaceous Elastase Inhibitors. The compounds ICI 

,„„ ,« ( «nMM9D and ICI 200.880 show strong preference for WE 
over"other proteases such as trypsin. These compounds are 
analogues of peptides in which the amide nitrogen of the scissile 
bond nas been replaced by a CF, group. Each of these compounds 
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have an isopropyl group (as does valine) at the PI position and a 
prolyl residue at P2. Neither compound has any extension toward 
PI 1 . Imperiali and Abeles (IMPB86) describe protease inhibitors 
consisting of acetyl peptidyl methyl ketones in which the terminal 
5 methyl group bears zero to three fluorine atoms; there is no PI 1 
residue in any of their compounds. PEBT90 (and works cited 
therein) report synthesis of peptidyl fluoromethyl ketones and 
peptidyl a-keto esters and the inhibitory properties of these 
compounds relative to porcine pancreatic elastase (PPB) , HNE, rat 

10 cathepsin G, and human cathepsin G; these compounds do not extend 
to PI' . Mehdi fit al. (MEHD90) report inhibition of HNE and human 
cathepsin G by methyl esters of peptidyl a-keto carboxylic acids; 
none of these compounds contain PI' residues. Angelastro fit &Lx. 
(ANGE90) report protease inhibitors having diketo groups; none of 

15 these compounds extend beyond Pi. 

Govhardan and Abeles (GOVH90) describe compounds in which the 
amide -NH- has been replaced by -CFj-CHj- followed by an a- amino - 
linked amino- acid methyl ester, thus providing a PI 1 residue. 

Inperiali and Abeles (IMPR87) describe inhibitors of 

20 chymotrypsin extending to P3». Works cited by these authors 
indicate that -the inhibitory constant, Kj, can be lowered by 
specif ically matching the SI', S2\ S3 1 , ... binding sites on the 
protease. These authors do not discuss inhibition of HNE. 
Furthermore, their inhibitors are not derived from high affinity 

25 protein protease inhibitors; rather the side groups at PI 1 , P2', 
and P3' are determined by trial and error. In addition, between 
Pi and PI', they insert -CO-CF 2 -CH 2 - in place of -CO-NH- so that 
the distal part of the chain is displaced. We prefer to replace - 
CO-NH- with -CO-CF 2 - or -CO-CFH- so that the remainder of the 

30 residues can take up conformations highly similar to those found 
in EpiNE proteins. 

Another class of protease inhibitors are those in which the 
carbonyl carbon of the scissile peptide is replaced by boron. 
These compounds inhibit serine proteases, but are not very 
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specific. olaataBe inhibitors are the chloro- 

Another class of elastase inni The9e 
^thylKetones as described by Robert * ^ J« . « > ^ 

com pounds have a chlorine atom adjacent to a Jceto * J> 

5 acti ve-site serine « ^ eLyme- inhibitor 

displacing chloride and yielding a 

/0 x -1^7.373 (1988)) describe the X-ray cxy»ua, 

cnloromethyl ketones and their activity 9 

including HHE. Genu and Shaw ( ThrO^OTM !. IfWlt l l . W»» 

desert proved »^ -*^^T^^ 
. . _ _i--i Avnma f>i V i ketones form irreversible «■ 

Because w« — e i asse s of inhibitors that 

15 are less desirable as drugs Other classes o 

form irreversible complexes include a) peptide , «ol ^ 

sifiL ^ gffi2 S 6 U)13-21 Cim> ^ff^^ers^ £ « 
isocoumarins (Krantz * US 4 6 7 .93 *~ fit ^ 

4 845 242. and KobukO fit US 4,980287), auu F * 

'""a 'class of cc^ounds, rented to the chloro-ethyl ketones, 
thatUrrUs^y to protease, with see decree of specif 

25 piptTlltm Acta 49W173-17B (193Uian cvat eine-proteases 
that peptidyl »ethyl ketones bind serine- P the 

reversibly and that the binding depends on the seouenc ° 
peptidyl group. If the peptidyl -tfcyl ketones are viewed a 
Si an^es in which the ^J ^Z 

3 „ repiaced by a -^_^JT£ Thus, they 

compounds that are wuc^^ 

i . tsi etc . but not PI', P2', fitfi* 

- *~tase ^^J^ 
reports that elastin (the definitive substrate of all ^""^ 
35 greatly reduces the efficacy of a variety of reversible and 
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irreversible hNE inhibitors when compared to the efficacy 
determined with small, soluble artificial substrates. They found 
that both classes of inhibitors have from 20 -fold to more than 
100 -fold less efficacy. They suggest that elastin reduces the on 
5 rate, but say they have no explanation for this phenomenon. One 
possibility is that the synthetic inhibitors (all rather 
hydrophobic) bind to elastin (which is also hydrophobic) * They 
tested one reversible protein inhibitor, mucus protease inhibitor, 
which has Kj » 30 nM without elastin or 900 nM with elastin. If 

10 our inhibitors suffer a 30 -fold loss of efficacy, they can still 
reduce free hNE to below 10* 10 M. 

No admission is made that any cited reference is prior art or 
pertinent prior art, and the dates given are those appearing on 
the reference and may not be identical to the actual publication 

15 date. All references cited in this specification are hereby 
incorporated by reference. 

SUMMARY OF THE INVENTION 

The present invention relates to mutants of Kunitz Domain 
20 serine protease inhibitors, such as BPTI and ITI-D1, with 
^s^sta^^ for elastase. These muteins have 

an ^affinity for elastase estimated to be at least an order of 
magnitude higher than that of the wild- type domain and, in some 
instances, at least three orders of magnitude (1000-fold) higher. 
25 For some of the proteins, kinetic inhibitory data show that 

the binding affinity is in the range 1.0 x 10*" M to 3.0 x 10* IJ M. 
Other proteins are displayed on fusion phage and the affinity for 
hNE or hCG is estimated by the pH elution profile from immobilized 
active protease (hNE or hCG) . A number of the proteins have been 
30 produced in useful quantities as secreted proteins in yeast. 

The present invention also relates to linear and cyclic 
oligopeptide analogues of aprotonin and related polypeptides that 
specifically bind human neutrophil elastase and/or cathepsin G. 
It relates in particular to analogues of the novel elastase- 
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15 



20 



25 



30 



binding polypeptides (EpiN.> and cathepsin G-binding polypeptides 

disclosed herein. vindred 
These analogues differ from aprotonxn and its kindred 
inhibitors in several respects. First, they are smaller 
molecules, preferably less than 1.500 daltons -*^«-^; 
and including only the P.-P,' residues (or analogues thereof ) or a 
subset thereof. Secondly, the sci.sile peptide <-°£-^£* 
between the P, and P,' residues is replaced by a »^« nt1 ^ 
nonhydrolyzable bond that substantially maintains the ^stance 
between the alpha carbons of those two residues. 

BRIEF DESCRIPTION OF THE DRMHS8S 

illustrates fractionation of the «ini PEPI ™ 

^ .hows oh of buffer. The ordinants show 

amount of phage (as fraction of input phage) obtained at given pH. 
Ordinants scaled by 10*. 

flours 2 illustrates fractionation of the MYM0T PBPI library on 
nNE beads. The abscissae shows P H of buffer. The ordinants show 
amount of phage (as fraction of input phage) obtained at given pH. 
Ordinants scaled by 10 s . 

Figure_l shows the elution profiles for EpiNE clones 1, 3, and 7. 
Each profile is scaled so that the peak is U to emphasize the 
shape of the curve. 

Pioure 4 shows pH profile for the binding of BPTI-IH MK and 
EpiNEl on cathepsin G beads. The abscissae shows P H of buffer. 
The ordinants show amount of phage (as fraction of input phage) 
obtained at given pH. Ordinants scaled by 10 s . 
Figure S shows pH profile for the fractionation of the MYMOT 
Library on cathepsin G beads. The abscissae shows pH of buffer 
The ordinants show amount of phage (as fraction of input phage) 
obtained au given pn- ~ 

Pioure 6 shows a second fractionation of M*MUT library over 

cathepsin G. _ 
Pioure 7 shows elution profiles on immobilized cathepsin G for 
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phage selected for binding to cathepsin 6, 
Figure 8 shows the form of one group of preferred HNE 
inhibitors, hereinafter Class I inhibitors. Carbons marked 7, 8, 
9, and 10 are chiral centers* 
5 Figure 9 shows the form of a second group of preferred HNE 

inhibitors, hereinafter Class II inhibitors. Carbons marked 7, 8, 
9, and 10 are chiral centers. 

Figure 10 shows 2-carboxymethyl-6-aminomethyl anthraquinone 

as a linker. Other relatively rigid molecules of similar 

10 dimension can be used. 

Figure 11 shows compounds I through XVIII involved in 
preparing analogues of the VAL-ALA dipeptide having -NH- replaced 
by -CF 2 -, -CH 2 -, or -CHF- for Class I and Class II inhibitors. 
Figure 12 shows the form of a third group of preferred HNE 

15 inhibitors, hereinafter Class III inhibitors. Carbons marked 8, 
9 and 10 are chiral centers. 

Figure 13 shows compounds XXXI through XXXV that are 
involved in synthesizing the boron- containing dipeptide analogue 
used in Class I and Class II inhibitors. 
20 Figure 14 «shows» compounds XLI through XLIV that are 

involved *imsyn thesis of a portion of the molecule shown in Figure 
5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 Small Proteins With Hioh A ffinity for Elastase or Cathepsin G 

The present invention relates to muteins of BPTI, ITI-D1 and 
other Kunitz domain- type inhibitors which have a high affinity for 
elastase and cathepsin G. Some of the described inhibitors are 
derived from BPTI and some from ITI-D1. However, hybrids of the 

30 identified muteins and other Kunitz domain- type inhibitors could 
be constructed. 

For the purpose of simultaneously assessing the affinity of 
a large number of different BPTI and ITI-Dl muteins, DNA sequences 
encoding the BPTI or ITI-DI was incorporated into the genome of 
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the bacteriophage «. - — " - ^^I* 

»1 as an amino- terminal fusion with the gene III ««»™^ 
Alterations in the KuDom amino acid sequence were introduced. 
Xn^O-U. of phage dieting a particular Ku** . « 
5 characterized with regard to its interactions with 

or hCG. Based on comparison to the P H elution profiles of phage 
laying other »BC of *nown affinities for the particul r 
protease, mutant KuPcms having high affinity for t e target 
protease, were identified. Subsequently, the sequences o these 
l0 mutant XuDoms were determined .typically by sequencing the 
corresponding DNA sequence) . 

Certain aprotonin-like protease inhibitors were shown to have 
. .... „ f<n<t v for HNE l-10'VM). These 5B amino acid 
polypeptide's" were 'biologically selected from a «*^" 
15 Lfn mutants produced through synthetic diversity P~ t «~ ». 
pi' P2' P3', and P4' were varied. At PI. only vaa; 
selected', although LEU, PHE, and MET were allowed by the synthetic 
conditions. At PI' . «* and GLY were allowed and both were found 
in proteins having high affinity. (While not explored in toe 
20 Ubrar, M ny —J-^^ " ZlXZZZZ 

1. ». -V^i. are 
amino acids with branched aliphatic side groups were x. .the 
library but apparently hinder binding to HNE. S ^"^ 
25 position n> of all proteins selected for high affinity for HNE 
nave phenylalanine. No one had suggested that „• «, a cruc a 
position for determining specificity relative to HNE. At P.. 
SEE pro THE. LYS, and GLN were allowed; all of these except THR 
were observ^. PRO and SEE are found in the derivatives having 

30 the highest affinity. 

*s previously noted. BPTI is a protein of 50 amino acids. The 
sequence of BPTI is given in entry 1 of Table 13 . The invention 
^Tot limited to SB-amino-acid proteins, as hcmologues having 
more or fewer amino acids are expected to be active. 
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Wild- type BPTI is not a good inhibitor of hNE. BPTI with a 
single K15L mutation exhibits a moderate affinity for HNE (K* « 
2.9-10' 9 M) (BECK88b) . However, the amino terminal Kunitz domain 
(BI-8e) of the light chain of bovine inter-a- trypsin inhibitor has 
5 been generated by proteolysis and shown to be a potent inhibitor 
Of HNE (K,, m 4.4*10" M) (ALBR83) • 

It has been proposed that the PI residue is the primary 
determinant of the specificity and potency of BPTI -like molecules 
(SINH91, BECK 8 8b, LASK80 and works cited therein). Although both 
10 BI-8e and BPTI (K15L) feature LEU at their respective PI positions, 
there is a 66 fold difference in the affinities of these molecules 
for HNE. We therefore hypothesized that other structural features 
must contribute to the affinity of BPTI -like molecules for HNE. 
A comparison of the structures of BI-8e and BPTKK15L) reveals 
15 the presence of three positively charged residues at positions 39, 
41, and 42 of BPTI which are absent in BI-8e. These hydrophilic 
and highly charged residues of BPTI are displayed on a loop which 
underlies the loop containing the PI residue and is connected to 
it- via a disulfide bridge. Residues within the underlying loop 
20 (in particular residue 39) participate in the interaction of BPTI 
iwith-^the- -surface of trypsin (BLOW72) and may contribute 
-significantly to the tenacious binding of BPTI to trypsin. These 
hydrophilic residues might, however, hamper the docking of BPTI 
-•variants with HNE. Supporting this hypothesis, BI-8e displays a 
t25 ^teighpaf f inity for HNE and contains no charged residues in residues 
\*«&9j&42. Hence, residues 39 through 42 of wild type BPTI were 
replaced with the corresponding residues (MSNG) of the human 
homologue of BI-8e. As we anticipated, a BPTI(KISL) derivative 
containing the MGNG 39-42 substitution exhibited a higher affinity 
30 for HNE than did the single substitution mutant BPTI (K15L) . 
Mutants of BPTI with Met at position 39 are known, but positions 
40-42 were not mutated simultaneously. 

Tables 207 and 208 present the sequences of additional novel 
BPTI mutants with high affinity for hNE. We believe these mutants 
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„ te « an a££inity tor « -I - ~* - ^rs: 

higher than that of BPTI inW. * ^ ° £ £ Tibles , 

contain, besides the active site mutations shown in 

the M3NG mutation at positions 39-42. 

c „ ( i>rlv Table 209 presents the sequences of novel 

5 similarly, Tame tv* v residue in the 

scants with high affinity for cathepsin G. TnePl res 
Epic mutants is predominantly MET. t ^ rTO or 

I BPTI n a. » -M- ~ — ? ^prldomlntly « 

M . in the EpiC « „, lB PH E. ILE. or LEO. 

» with one example of «-« J „ ^ o££ by 

mterestingly r siduee K andj PP ^ ^ „ 

complementary size, at least in ^ re i at ively larger ALA 

. . . _>,„ Huiirv PHE while the relatively a 
residue pairs with the bullcy fhb alternatively, the 

. _ loao *mlkv LEU and ILE. Alternative*. 

residue paixa «i« - . glycine at Pi' 

15 pairing could be according to flexib ^^J?^ ch at 
might allow the side group of P^a^n. « reach p 
is not accessible when »■ is alanine, when Pi 
leucine or isoleucine appear to be the adverse 
Although BPTI has been used in hu^s with very f e 
20 effects, a xuDom having much higher similarity joj . human^ 
poses much less risk of causing an i»une . » ' 

transferred the active site changes found in -to »e^ 

XuDom of inter-a-trypein inhibitor (Example IV) . For the P *P 
of this application, the numbering^ the ^ 
25 for the ITI light chain gene is .that ^ of TMBS _ 
a^no acid eequence is the one shown for « » 
The necessary coding sequence for ITI-DI is the -rmsS. 

•Mon, 750 and 917 in the cDNA sequence presented in TMBS6. 
positions 750 and acias long _ 

The amino acid sequence of human ITI Dl is 

f,™, tv«.22 to Arg-77 of the complete ITI lignc 
30 e * Cendin9 Ir0m 5 9 , . " T ,r m I. Met-36. Table. 220-221 present 
sequence. The *x ~ ----- ^ according 

certain ITI mutants; note that the resid 

to the homologus Kunitz domain of BPTI, i.e.. « a „ eoCatlle t0 
numbered 15. It should be noted that it is probably 
35 truncate the amino- terminal of XTI-M. at least up to the first 
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residue homologous with BPTI. 

The EpiNE7- inspired mutation (BPTI 15-19 region) of ITI-D1 
significantly enhanced its affinity for hNE. We also discovered 
that mutation of a different part of the molecule (BPTI 1-4 
5 region) provided a similar increase in affinity. When these two 
mutational patterns were combined, a synergistic increase in 
affinity was observed. Further mutations in nearby amino acids 
(BPTI 26, 31, 34) led to additional improvements in affinity. 

The elastase- binding muteins of ITI-DI envisioned herein 
10 preferably differ from the wild- type domain at one or more of the 
following positions (numbered per BPTI) : 1, 2, 4, 15, 16, 18, 19, 
31 and 34. More preferably, they exhibit one or more of the 
following mutations: Lysl -> Arg; Glu2 -> Pro; Ser4 -> Phe*; 
Metis -> Val*, He; Glyl6 -> Ala; THrl8 -> Phe*; Serl9 -> Pro; 
15 Thr26 -> ALa; Glu31 -> Gin; Gln34 -> Val*. Introduction of one or 
more of the starred mutations is especially desirable, and, in one 
preferred embodiment, at least all of the starred mutations are 
present. 

It will ~be recognized by those of ordinary skill in the art 

20 that the identified HNE and HCG inhibitors , may be modified in 
~*such a manner that -the change will not greatly diminish the 
^affinity, • specificity, or stability of the inhibitor. Proposed 
changes can be assessed on several bases. First we ask whether a 
particular :amino acid can fit into the KuDom framework at a given 

25 -location; a- change that disrupts the framework is very likely to 
impair binding and lower specificity. The likelihood that an 
amino acid can fit into the KuDom framework can be judged in 
several ways: 1) does the amino acid appear there in any known 
KuDom? 2) Do structural models of KuDams indicate compatibility 

30 between the structure and the proposed substitution? and 3) do 
dynamic computational models suggest that the proposed mutant 
protein will be stable? The sequence variability of naturally- 
occurring KuDoms gives us proof that certain amino acids are 
acceptable at certain locations; lack of examples does not prove 

35 that the amino acid won't fit. 
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If a proposed change i. deemed to be structurally acceptable, 
we then as* what effect it is likely to have on binding to the 
target and to other substances. Generally, a mutant pro texn 
having a changed residue in the interface between KuDom and target 
will need to be tested, usually via binding studies of a phage 
that displays the mutant protein. Most changes in the bxndxng 
interface reduce binding, but some do increase affinity Changes 
at residues far-removed from the binding interface usually do not 
reduce binding if the protein is not destabilized. 

Table 61 shows the variability of 39 naturally- occurring 
Kunitz domains. All these proteins have 51 residues in the regxon 
C, through C M ; the total number of residues varies due to the 
™^in S havina more or fewer residues at the termxnx. Table 62 
Tist'the names of the proteins that are included in Table *x 
Table 64 cites works where these sequences are recorded. Table 63 
shows a histogram of how many loci show a particular variability 
vs. the variability. -Core- refers to residues from 5 to 55 that 
• show greater sequence and structural similarity than do resxdues 

outside the core. 

At ten positions a single amino-acid type xs observed xn all 
42 cases, these are C„ G u , C 14 , C M , F», <h,. C,„ N«, C„, and C„. 
Although there are reports that each of these positions may be 
substituted without complete loss of structure, only G„, C 14 , G„, 
and C M are close enough to the binding interface to offer any 

, ^,„„ 00 fi is in a conformation that only 
25 incentive to make changes. G„ is xn 

glycine can attain; this residue is best left as is. Marks et al. 

(MARKS 7) replaced both C J4 and C, with either two alanxnes or two 

threonines. The C I4 /C 3I cystine bridge that Marks et al. removed xs 

the one very close to the scissile bond in BPTI; surprxsxngly 

. .. too f.mrtioned as trypsin inhibitors. Both 

30 DOZn mutttiiu uw^v;. - , J ,UJVJ f 

BPTI(C14A,C38A) and BPTI (C14T,C38T) are stable and xnhxbit 
trypsin. Altering these residues might give rise to a useful 
inhibitor that retains a useful stability, and the phage-dxsplay 
of a variegated population is the best way to obtaxn and test 
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mutants that embody alterations at either 14 or 38. Only if the 
C l4 /C n disulfide is removed, would the strict conservation of be 
removed . 

At seven positions (viz, 23, 35, 36, 40, 41, 45, and 47) only 
5 two amino -acid types have been found. At position 23 only Y and 
F are observed; the para position of the phenyl ring is solvent 
accessible and far from the binding site. Changes here are likely 
to exert subtle influences on binding and are not a high priority 
for variegation. Similarly, 35 has only the aromatic residues Y 

10 and W; phenylalanine would probably function well here. At 36, 
glycine predominates while serine is also seen. Other amino 
acids, especially {N, D, A, R}, should be allowed and would likely 
affect binding properties. Position 40 has only G or A; 
structural models suggest that other amino acids would be 

15 tolerated, particularly those in the set {S, D, N, E, K, R, L, M, 
Q, and T} . Position 40 is close enough to the binding site that 
alteration here might affect binding. At 41, only N, and K have 
been seen, but any amino acid, other than proline, should be 
allowed. The side group is exposed, so hydrophilic side groups 

20 are preferred, especially {D, S, T, B, R, Q, and A). This residue 
is far enough from the binding site that changes here are not 
expected to have big effects on binding. At 45, F is highly 
preferred, but Y is observed once. As one edge of the phenyl ring 
is exposed, substitution of other aromatics (W or H) is likely to 

25 make molecules of similar structure, though it is difficult to 
predict-^how the stability will be affected. Aliphatics such as 
leucine or methionine (not having branched C^s) might also work 
here. At 47, only S and T have been seen, but other amino acids, 
especially {N, D, G, and A}, should give stable proteins. 

30 At one position (44) , only three amino-acid types have been 

observed. Here, asparagine predominates and may form internal 
hydrogen bonds. Other amino acids should be allowed, excepting 
perhaps proline. 

At the remaining 40 positions, four or more amino acids have 
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been observed; at 28 positions, eight or more amino- acid types are 
seen. Position 25 exhibits 13 different types and 5 positions (1. 
S, 17, 26, and 34) exhibit 12 types. Proline (the most rigid 
amino acid) has been observed at fourteen positions: 1. 2, 8, 9, 
11 13, 19, 25, 32, 34, 39, 49, 57, and 58. The +,* angles of 
BPTI (CREI84, Table 6-3, p. 222) indicate that proline should be 
allowed at positions 1, 2, 3, 7, 8, 9, 11, 13, 16, 19, 23, 25 26, 
32, 35. 36, 40, 42. 43. 48. 49. 50, 52. 53, 54, 56, and 58. 
Proline occurs at four positions (34. 39, 57, and 58) where the 
BPTI +.* angles indicate that it should be unacceptable. We 
conclude that the main chain rearranges locally in these cases. 

Based on these data and excluding the six cysteines, we 3 udge 
that the KuDom structure will allow those substitutions shown m 
Table 65. The class indicates whether the substitutions: A) are 
very likely to give a stable protein having substantially the 
binding to hNE, hCG, or some other serine protease as the parental 
sequence, B) are likely to give similar binding as the parent, or 
C) are likely to give a proteins retaining the KuDom structure, 
but which are likely to affect the binding. Mutants in class C 
must be tested for affinity, which is relatively easy using a 
display-phage system, such as the one set forth in WO/02809. The 
affinity of hNE and hCG inhibitors is most sensitive to 
substitutions at positions 15, 16, 17, 18, 34, 39, 19, 13. H, 20, 
36 of BPTI, if the inhibitor is a mutant of ITI-Dl. these 
positions must be converted to their ITI-Dl equivalents by 
aligning the cysteines in BPTI and ITI-Dl. 

Certain of our hNE inhibitors will be useful as PR-3 
inhibitors, we have modeled the interaction of our inhibitors 
with hNE by reference to the BPTI-trypsin complex. First we 
listed the residues of trypsin that touch BPTI. Next we 
considered the corresponding sets of residues from hNE and PR-3. 
These sets differ at eleven residues. Only one of the differences 
occurs in the SI specificity pocket, yj^ V I90 in hNE Jffii Z M m 
PR3 we therefore believe that our hNE inhibitors are likely to 
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be PR-3 inhibitors as well. In particular, the inhibitors having 
valine at PI are likely to inhibit PR3. PR3 has an extra methyl 
in this region so the inhibitors having one fewer methyls are more 
likely to bind tightly. 
5 BPTI is quite small; if this should cause a pharmacological 

problem, such as excessively quick elimination from the 
circulation, two or more BPTI-derived domains may be joined by a 
linker. This linker is preferably a sequence of one or more amino 
acids. A preferred linker is one found between repeated domains 

10 of a human protein, especially the linkers found in human BPTI 
homologues, one of which has two domains (BALD85, ALBR83b) and 
another of which three (WUNT88) . Peptide linkers have the 
advantage that the entire protein may then be expressed by 
recombinant DNA techniques. It is also possible to use a 

15 nonpeptidyl linker, such as one of those commonly used to form 
immunogenic conjugates. For example, a BPTI-like KuDom to 
polyethyleneglycol , so called PEGylation (DAVI79) . 

Another possible pharmacological problem is immunigenicity. 
BPTI has been used in humans with very few adverse effects. 

20 Siekmann et al. (SIEK89) have studied immunological 
characteristics of BPTI and - some homologues. Furthermore, one can 
reduce the probability of immune response by starting with a human 
protein. Thus, by changing nonessential residues, one may change 
the prdtein to more closely resemble a human protein. Other 

25 modifications, such as PEGylation, have also been shown to reduce 
immune responce (DAVI79) . 

privatised Peptides Which Bind Elast»ge Cathepsin Q 

The present invention also relates to certain derivatized 
peptides which bind elastase or cathepsin G. The description 

30 which follows relates particularly to derivatization of EpiNE-type 
hNE inhibitors, but is applicable, mutatis mutandis, to EpiC-type 
cathepsin G inhibitors and ITIDl-type hNE inhibitors as well. One 
embodiment consists of Class I inhibitors (shown in Figure 8) , 
each of which comprise 1) a first segment of peptide residues, 2) 

35 an amino- acid analogue that binds to the SI pocket of HNE but that 
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can not be hydrolysed, and .3) a second segment of peptide 
residues. These Class I inhibitors have the structure depicted in 
Figure 8. 

The first and second peptide segments and the side group of 
the PI amino-acid analogue are picked to foster high affinity for 
HUE and to increase specificity relative to other proteases. The 
group that links the first and second peptide segments is picked: 
1) to prevent cleavage, 2) to allow reversible binding to the 
active site of HNE, and 3) to mimic the shape and charge 
distribution of the peptide group. 

A second embodiment of the invention comprises Class II 
inhibitors which are cyclic compounds as shown in Figure 9. These 
compounds comprise: 1) a first peptide segment linked to, 2) an 
amino-acid analogue that binds to the Si pocket of HNE but that 
can not be hydrolysed, 3) a second segment of peptide residues, 
and 4) a relatively rigid segment that connects the carboxy end of 
the second peptide segment to the amino end of the first peptide 
segment. This fourth segment is designed so that the segments 1-3 
tend to exist in the conformation that binds HNE. The 
considerations for segments 1-3 are the same in both classes of 
compounds . 

The inhibitors of Class II, as depicted in Figure 9, have at 
R, a relatively rigid bifunctional linker such as a tricyclic 
aromatic ring system having diametrically opposed functionalities 
one of which allows linkage to the amino group attached to C, and 
another that allows linkage to the carbonyl carbon labeled C n , 
e.g. 2-carboxymethyl-6-aminometbyl anthraquinone (figure 10). The 
substituents 

R„ x, R 3 , R4, R„ and R 7 have the same possibilities as those set 
forth above for Class I. 

A third embodiment of the invention consists of Class III 
inhibitors shown in Figure 12 having peptides or peptide analogues 
corresponding to residues PI', P2«, P3\ and (optionally) P4- (and 
p 3 «) . A boronic acid group or a boronic acid ester is positioned 
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so that it can fit into the "active site" of the enzyme. 

Methods of synthesizing these compounds are known to those 
skilled in the art. 

EpiNEl, 3 and 7 have molecular weights of about -6 kd. It it 
5 is possible to provide compounds much smaller than EpiNEl, 3, or 
7 that have high affinity for HNE. Although the P5-P4. . .P4 ? -P5 f 
strand of the EpiNE proteins are not the only determinants of 
specificity, this strand, or a subsequence thereof, is likely to 
bind very tightly to HNE. A derivative in which the scissile 
10 peptide is modified so that it can not be hydrolyzed is likely to 
be a highly effective HNE inhibitor. 

Many of the analogues of the present invention may be defined 
by the following formula: 

Ph-W-Pj'-P^-Pc 

15 

wherein P N is 

T-P3-P 4 -P 3 -P 2 - f 
T-P 4 -P 3 -P 2% 

20 T-P 3 _ t or 

T-; 

and wherein P c is 
,P 4 <-P 3 '- i T, 
25 -P 4 '-T, or 
-T; 

and where P 5 , P 4 , P 3/ and P x and P, 1 , P 3 ! , P 4 *, and P 3 ' , are amino 
acids, including but not necessarily limited to naturally 
30 occurring amino acids, which can serve the same function as the 
corresponding active site amino acids of the EpiNE polypeptides, 
and T is a termination functional group compatible with peptide 
synthesis and not adverse to elastase inhibitory activity of the 
peptide (the two Ts may be the same or different and may join to 
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form a cyclic structure) ; 



— where either ID P, i. a residue of an anino acid analog 
having the general formal. -m-CHR-Xc-. P,' is a rescue of an 
S amino acid analogue having the general formula -X^-CO. J, and 
p . together forming -Xc-X,,-. »hich contains a nonhydrolyzable bond, 
or (2) P, and P" together form a nonhydrolyzable boron-contammg 
analogue of a dipeptide, in either case the P, and P, F«*™ 
the sane function as the corresponding amino acids of the Epi»s 

" ^ThVrT'have described a number of linkages that have 
dimensions onite similar to peptides but which can not be 

hydrolyzed. Most have provided only the residues 

J .... nmfpase. reversxbly or 

f 
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modified PI so that it ™ . ^ DOT1(=rt - g 

15 irreversibly. T*eir approach is flawed xn several 

First, they have not recognized the signifxcance of the P, P, 
residues. Second, they have not preserved the dimensions of the 
scissile bond of aprotonin. 

Figure 8 shows Class I inhibitors, which are linear peptxde 
analogues of the EpiNE polypeptides. Preferred choices for R, 
(P2>,^ (PI) , X, R 3 (Pl->. *< (»'). R, (P3-), and R, <P4'> are as 

follows: - «. 

R . K- acetyl-, or a hydrophobic moiety, such as L-prolyl-, 

L, L cystinyl- , L-valyl- , L-methionyl- , and acetyl- . Note 
that Rl is the side group of what in aprotonin is the P2 
residue, and that the inhibitor optionally may include 
the P3, P3-P4, or P3-PS residues of aprotonin and its 
analogues, including the EpiNE polypeptides. 
r, . alkyl or 2-4 carbon atoms, i.e., ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl or tert-butyl. 2-propyl (so 
that C, resembles the C a of L-Valine) , and 2-butyl (so 
that C, resembles the C„ of L-Isoleucine) are especially 
preferred. 

X a nonhydrolyzable linker which does not interfere wxth 
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elastase- inhibitory activity. This linker preferably has 
a length similar to that of a peptide (-CO-NH-) group. If 
this linker is characterized as -X N -Xc- , then -X^- may be 
-CO-, -SO- or -B(0R 7 )-, and -Xc- may be a thioether (-S-) 
5 or a methylene which is unsubstituted (-CHj-), or which 

is mono- (e.g., -CHF) or di- (e.g., -CF 2 -) substituted. 
The substituents may be methyl, ethyl, n- propyl, 
isopropyl, chlorine or fluorine, though it is preferable 
that no more than one substituent be halogen. Suitable 
10 linkers include -CO-CHj-, -CO-CF 2 - , -CO- CHF- , -CO-CO-, - 

B(OH)-CH 2 -, -B(OR 7 ) -CH 2 -, -SO-CH 2 - , and -CO-S-. 

The distance between the C- alpha carbons connected by a 
typical -CO-NH- peptidyl linkage is about 3.8 angstroms. 
15 The preferred nonpeptidyl, nonhydrolyzable linkages of 

the present invention do not increase the alpha- to -alpha 
distance to more than about 4.5 angstroms. 

However, a longer linker, such as -CO-CFH-CHj- or -CO-CF 2 - 
20 CH 2 -, may be used. With these linkers, the alpha-to- 

alpha distance is increased to about 5-6 angstroms. 

It is desirable, but not required, that the main atoms of 
the linker and the connected Calpha carbons lie 
25 substantially in the same plane, as is true for the 

normal peptide linkage. 

R3 : -H, or an aliphatic group containing 1-10 carbons and 0-3 
N, O, S, CI or F atoms, such as a small alkyl or alkoxy 
30 group. The functionalities -H, -CH 3 , -CH 2 -COOH, and -CH 2 - 

CH 2 -COOH, so that C| resembles the Calpha of Glycine, L- 
Alanine, L-Aspartic Acid, or L- Glutamic Acid, respective- 
ly, are especially preferred. Other possibilities 
include ethyl, isopropyl, n-propyl, hydroxymethyl (i.e., 
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f«ta, .erine). or fcyaroxyethyl (i.e.. arming 

homoserine) . 

» . an unbranched aliphatic group of 4-7 carbons, or an 
arylalkyl group, wherein the alkyl moiety is 1-3 carbons 
5 and the aryl moiety is monocyclic or bicydic and may 

contain heteroatoms (N,0.S) and may b ^ 
(CI F) substitutions. The functionalities -CH^phenyl 
and' -CH,-CH,-S-CH 3 , so that C, resembles the Calpha of L- 
Phenylalanine or L-Methionine, respectively, are 
10 especially preferred. 

R 5 : an arylalkyl group, as discussed under R4 above More 
preferably, an arylmethyl group, especially the -CH,- 

in L- Phenylalanine) . 
R6 : -^-OH,Tr ^ where AA is an amino acid residue such 
as serine, proline, or lysine, or a short peptide- The 
amino acid may be any amino acid found xn the P 4 
position of a BPTI (Kunitz) family inhibitor, including 
the EpiNE inhibitors. The short peptide is preferably 
the dipeptide sequence P 4 '-P,' of such an inhibitor^ 
20 R7 : a small al)cyl group (1-4 carbon atoms) , such as -CH„ - 
CH,-CH 3 , or -CH(CH,),. 
At R t it is preferable to have an unblocked amino group to 
im prove solubility. The amino acid is preferably M>*£ 
since, in the Epi molecules, there is a half-cystine at this 
25 position, and the disulfide (-S-S-) bond is hydrophobic^ 

At R„ the 2-propyl group is especially preferred because 
EpiNEl binds more tightly to HNE than do derivatives having ILE at 
PI When R, is 2-butyl, the chirality at the & carbon is 

preferably, the same as in L-ILE found in nature. It 

* _ _ . ~* «. k 9 vo t-Vi*» same chirality as 

that the carbon marKea <j 7 m ^yu« * 

L- valine. Compounds having unspecified chirality at C 7 and C, may 
be usable. It is preferred that the chirality at C, and C I0 be the 
same as L amino acids. R> could also be -CH 3 , -CF 3 , or -CB,-^. 
At R 3 , -CH 3 is preferred; -H, -CH a -C00H, or -CH,0H may also be 



30 
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used. 

- -CH 2 -phenyl is especially preferred, R< - -CHj-CHj-S-CHj is 
also preferred. 

R 5 « -CH 2 -phenyl is especially preferred. Other neutral aryl 
5 groups can be attached to the -CH 2 - group, such as mono- and 
dimethylphenyls, naphthyl (a or ft), hydroxyphenyl (£, m, or p) , 
and methoxyphenyl (£, m, or p) . 

R* is picked for specificity and solubility; -OH, -NH 2 , L- 
serine, L-proline, and L- lysine are preferred. 
10 Synthesis of perfluoro compounds is often easier than is 

synthesis of compounds having some hydrogens and some fluorines. 
Thus X = [-CO-CFj-], Rj - -F or -CF,, and replacing H, with F leads 
to a preferred compound. 

Figure 9 shows Class II inhibitors, which are cyclic peptide 
15 analogues of the EpiNE compounds. Preferred choices for u , X, R 3 , 
R4, and R 3 are the same as for the Class I inhibitors (There is no 
R6) . Rj forms a bridge between the amide of the PI residue and the 
carbonyl of the P 3 * residue. It is a relatively rigid group having 
functional groups that allow the carbonyl carbon labeled C n to 
20 link to one end of R, while a second functional group of R x can be 
li-nked'"tOf4t'he^andno>group v "N7. ^Functional groups which contain one 
or more^ xings help to impart -the desired rigidity. 

R, should also have the desired span, so that Ri will hold C^, 
C $ , -C,, -and ,C 1(r dn- the appropriate conformation. In BPTI, C a -15 and 
25 are* separated by 10 A. Therefore, Rj should likewise provide 

a spacing of about 10 A. 

For example, in 2, 6-dimethylanthracene, the methyl carbons are 
separated by about 9 A. Because dimethylanthracene is shorter 
than the desired separation between C a -15 and C-18, we attach a 
30 carboxylic acid to one methyl group and an amino group to the 
other, thereby extending the linker by about 2 A. 

Insertion or deletion of methylene, amino and/or carboxylic 
acid groups may be desirable in order to optimize the spacing 
provided by a particular linker. 
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tot ™ u high* ™„^r" z: 

easily degraded derivatives, such as "££££*J 
appropriate. m addition to £ ^ My 6e 

placement of one or ^"toxicity- Attaching 

5 advantageous to improve solubility and re „ the 

one or .ore easily i^^ed groups ^ ^J^, 8UCh 

" fX Ze net positive charge, favoring amine groups as 

10 S °^er1— s that maybe appropriate 

.particularly derive. .1^^-^^ 

H" right* mitt*. (h ereinaft.r 

Taylor. Pentagon Press. «»u. -~ - ^ Mtpro tilin. 

U GOOD-8). p.llW). phenothxasines *-»«^ ^ apomorphi „. 
<p .4«. GOOD-B) . =»^" pin ' P ^; ie X opposed positions on 
(p.473. GOOD-8). In each case, diametn tally opp v 
t L rigid framework are utilised, m ^^^Jeeded 
attached to the framework that engender unwanted 

^■Xr'i, shows the for* of Class m inhibitor. These 
molecJes. like Class I inhibitors are ^J^^^'Z 

2S except that a boronic acid group is ^ ^ 

■ active site- of HNS. The boron at- ^ "J^ ^ 
carbonyl carbon of the -normal- P, **no *«d 
snarly. The boronic acid grouty be „ 
the boronic acid group may be esterif led B repll ces 

30 readily hydrolysed in serum. Note that the -B(OH) CH, rep 

°£ S ZT^. «. - and K< are the earn* as for the 
^ol^TuVe. the inhibitor .ay be administered by. e.g.. 
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absorption, ingestion, inhalation, or injection, and, if by 
injection, intravenously, intramuscularly, subcutaneously, etc. 
The drug may be formulated into any suitable dosage form, such as 
a tablet, capsule, ointment, syrup, elixir, inhalant, or 
controlled release implant. For dosage forms, see the current 
edition of Remington's Pharmaceutical Sciences . The proper dosage 
may be determined by beginning with a very low dose, and 
increasing the dosage until the desired inhibitory effect is 
observed, or by any other means known in the pharmaceutical 
effect. The inhibitor may be administered to mammalian subjects 
suffering from excessive neutrophil elastase activity, especially 
human subjects. 

Peptide and protein inhibitors according to the present 
invention may be prepared by any art -recognized technique, 
including expression of a corresponding gene or a gene encoding a 
cleavable fusion protein) in a host cell (see Sambrook, et al.), 
semisynthesis based on a related protein (see work of Tschesche) , 
or direct organic synthesis. Peptide linkages may be generated 
using Fmoc, tBoc, or other peptide synthetic chemistry; see SOLID 
PHASE PEPTIDE SYNTHESIS; A P ractical Approach (E. At her ton and R. 
C;wSheppard,^itRL Press at Oxford University, Oxford, England, 
1989, ISBN 0-19-963067.4), THE PRACTICE OF PEPT IDE SYNTHESIS (M. 
Bodanszky and A. Bodanszky, Springer-Verlag, New York, 1984, ISBN 
0-387-13471-9), or PRINCIPLES OP PEP TIDE SYNTHESIS (M. Bodanszky, 

^Springer-Verlag,. New York, 1984) . 

"--These small proteins and derivatized peptides which bind 
elastase or cathepsin G, regardless of their inhibitory activity, 
may be useful in purifying the enzymes. However, the preferred 
compounds are those which are alBo useful as inhibitors of human 
neutrophil elastase or cathepsin G, in vitro and in vivo . 

Reference Example 

Affinity Mefrsyrenentg 

The affinity of a protein for another molecule can be measured 
in many ways. Scatchard (Ann NY Acad Sci (1949) 51:660-669) 
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scribed a — ~thod - T^^^S.^ 
„hich has M applied to the bindxng of proteins » > 
retires relatively pure protein and the ability 
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seppal. (-Immunological Methods Based ° 

sacteriophages.-. , to 

B ethod. °™ ^es'having affinity for the 

20 measure the concentration oi an anoroa ch. in that the 

haptans. The present invention uses a "^^"^e^e. 
binding protein is genetically encoded ™ 
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a pH^step gradiant. 
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superior inhibit ° r9 ; studied the t hemodynamics of binding 

Ascenzi etal. (ASCE90) scua They found that 

of bpti to human and bovine clotting factor X.. They 
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K A dropped more than 30 -fold as the pH was lowered from 9 to 5. 
That K A changes with pH is likely to be general to the binding of 
serine proteases to KuDoms (and other inhibitors) because of the 
histidine found in the active site. The pH at which these changes 
5 occur is characteristic for the particular protease and inhibitor. 
It can be seen that protonating the active -site histidine when an 
inhibitor is bound involves burying a charge, usually 
energetically unfavorable. The reciprocal effect is that an 
inhibitor that binds very tightly effectively lowers the pK, of the 
10 imidazole for protonation. 

Throughout the present specification, shaken incubations used 
Labguake shakers. 

Pr<?p?irflt;LQP pfi amrrobAUgefl flwnan Neutrophil Blflgtase 

One ml of React i -Gel 6 x CDI activated agarose (Pierce 
15 Chemical Co.) in acetone (200 fil packed beads) was introduced into 
an empty Select -D spin column (5 Prime -3 Prime) . The acetone was 
drained out and the beads were washed twice rapidly with 1.0 ml of 
ice cold water and 1.0 ml of ice cold 100 iriM boric acid, pH 8.5, 
0:9% NaCl. Two hundred pi of 2.0 xng/ml human neutrophil elastase 
20 (hNE) (CalBiochem, San Diego, CA) in borate buffer were added to 
: thev-beads. The column was sealed and mixed end over end on a 
-Labquake Shaker at 4°C for 36 hours. The hNE solution was drained 
off and the beads were washed with ice cold 2.0 M Tris, pH 8.0 
Hover a 2 hour period at 4°C to block remaining reactive groups. 
V25^ A?"50% slurry of the beads in TBS/BSA was prepared. To this was 
^added an equal volume of sterile 100% glycerol and the beads were 
stored as a 25% slurry at -20°C. Prior to use, the beads were 
washed 3 times with TBS/BSA and a 50% slurry in TBS/BSA was 
prepared . 

30 

EXAMPLE I 

CHARACTERIZATION AND FRACTIONATION OF CLONALLY PURE POPULATIONS 
OF PHAGE, EACH DISPLAYING A SINGLE CHIMERIC APROTININ 
HGMOLOGUE/M13 GENE III PROTEIN: 
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This Example demonstrates that chimeric phage proteins 
displaying a target -binding domain can be eluted from immobilized 
target by decreasing pH, and the pH at which the protein is eluted 
indicates the binding affinity of the domain for the target. 
5 Standard Procedures! 

Unless otherwise noted, all manipulations were carried out at 
room temperature. Unless otherwise noted, all cells are XL1- 
Blue crM> (stratagene, La Jolla, CA) . 

1} p r nr f rq t-reMnn of Binding of BPTI-III W PtW t,P Active 

10 7rYP sin Beads 

We demonstrated that BPTI-III display phage bind immobilized 
active trypsin. Demonstration of the binding of display phage to 
immobilized active protease and subsequent recovery of infectious 
phage with a characteristic pH elution profile facilitates 

15 evaluation of particular mutants because one need not produce and 
purify tens of micrograms of each mutant protein. 

Phage MR is derived from M13 by inserting a *an* gene into the 
intergenic region. BPTI-III MK phage are derived from MK by 
inserting into gene III, between the codons specif iying the signal 

20 sequence and those specifying the mature protein, DNA encodine 
BPTI. Phage MA is derived from M13 by inserting an amp* gene into 
the intergenic region; phage BPTI-III MA is derived from phage MA 
by inserting bpti into III between the signal peptide and mature 
III encoding regions. BPTI-III MK and BPTI-III MA display BPTI 

25 fused to the amino terminus of the gene III protein, about five 
copies per virion. 

Fifty fil of BPTI-III MK phage (3.7-10" pfu/ml} in either 50 
mM Tris, pH 7.5, 150 mM NaCl, 1.0 mg/ml BSA (TBS/BSA) buffer or 50 
mM sodium citrate, pH 6.5. 150 mM NaCl, 1.0 mg/ml BSA (CBS/BSA) 

30 buffer were added to 10 fil of a 25% slurry of immobilized trypsin 
(Pierce Chemical Co., Rockford, ID also in TBS/BSA or CBS/BSA. 
As a control. 50 fil MK phage (9.3-10" pfu/ml) were added to 10 /xl 
of a 25% slurry of immobilized trypsin in either TBS/BSA or 
CBS/BSA buffer. The infectivity of BPTI-III MK phage is 25-fold 
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lower than that of MK phage; thus the conditions chosen above 
ensure that an approximately equivalent number of phage particles 
are added to the trypsin beads. After 3 hours of mixing on a 
Labguake shaker (Labindustries Inc., Berkeley, CA) 0.5 ml of 
5 either TBS/BSA or CBS/BSA was added where appropriate to the 
samples. Beads were washed for 5 min and recovered by 
centrifugation for 3 0 sec. The supernatant was removed and 0.5 ml 
of TBS/0.1% Tween-20 was added. The beads were mixed for 5 
minutes on the shaker and recovered by centrifugation. The 

10 supernatant was removed and the beads were washed an additional 
five times with TBS/0.1% Tween-20 as described above. Finally, 
the beads were resuspended in 0.5 ml of elution buffer (0.1 M HC1 
containing 1.0 mg/ml BSA adjusted to pH 2.2 with glycine), mixed 
for 5 minutes and recovered by centrifugation. The supernatant 

15 fraction was removed and neutralized by the addition of 130 fil of 
1 M Tris, pH 8.0. Aliguots of the neutralized eluate were diluted 
in LB broth and titered for plaque- forming units. 

Table 201 illustrates that a significant percentage of the 
input BPTI-III MK phage bound to immobilized trypsin and was 

20 recovered by washing with elution buffer. The amount of fusion 
#phage<rwhich, bound to the beads was greater in TBS buffer (pH 7.5) 
than - in <GBS buffer (pH 6.5). This is consistent with the 
observation that the affinity of BPTI for trypsin is greater at pH 
7-.5^thai^at pH 6.5 (VINC72, . VINC74) . A much lower percentage of 

25 Jfche^MK control phage (no displayed BPTI) bound to immobilized 
-trypsin and this binding was independent of pH. At pH 6.5, 1675 
times more of the BPTI-III MK phage than of the MK phage bound to 
trypsin, beads while at pH 7.5, a 2103-fold difference was ob- 
served. Hence fusion phage displaying BPTI adhere to active 

30 trypsin beads and can be recovered as infectious phage. 
Generation of PI Mutants of BPTI 

To demonstrate the specificity of interaction of BPTI-III 
fusion phage with immobilized serine proteases, single amino acid 
substitutions were introduced at the PI position (residue 15 of 

35 BPTI) of the BPTI-III fusion protein. The K15L alteration is 
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desired because BPTI (K15L) is a moderately good inhibitor of human 
neutrophil elastase (HNE) (Kj - 2.9-10"' M) (BECK88b) and a poor 
inhibitor of trypsin. Fusion phage displaying BPTI (K15L) bind to 
immobilized HNE but not to immobilized trypsin. BPTI -III MK 
5 fusion phage display the opposite phenotype (bind to trypsin, fail 
to bind to HNE) . These observations illustrate the binding 
specificity of BPTI-III fusion phage for immobilized serine 
proteases . 

10 Characterization of t h e Affinity of BPTI-III MK. and BPTI (K3.5L) -HI 
MA Phaoe for Imm obilized Trypsin and Human Neutrophil Elastage 

Thirty fil of BPTI-III MK phage in TBS/BSA {1.7-10" pfu/ml) was 
added to 5 pi of a 50% slurry of either immobilized human 
neutrophil elastase or immobilized trypsin (Pierce Chemical Co.) 

15 also in TBS/BSA. Similarly, 30 fil of BPTI (K15L) -III MA phage in 
TBS/BSA (3.2 -10 10 pfu/ml) was added to either immobilized HNE or 
trypsin. Samples were mixed on a Labquake shaker for 3 hours. 
The beads were washed with 0.5 ml of TBS/BSA for 5 minutes and 
-recovered by centrifugation. The supernatant was removed and the 

20 beads were washed 5 times with 0.5 ml of TBS/0.1% Tween-20. 
Finally, the beads were resuspended in 0.5 ml of elution buffer 
(0.1 M HC1 containing 1.0 mg/ml BSA adjusted to pH 2.2 with 
glycine), mixed for 5 minutes and recovered by centrifugation. 
The supernatant fraction was removed, neutralized with 130 fil of 

25 1 M Tris, pH 8.0, diluted in LB broth, and titered for plaque- 
forming units. 

Rffgrt of oH o n the Die«orlation of Bound BPTT-TII MK ftfld 
BPTKK15L) -IIT MA Phage from Im mobilized Neutrophil Elastase 

The affinity of a given fusion phage for an immobilized serine 
30 protease can be characterized on the basis of the amount of bound 

iusioh piiciy t: wiixun ciulco nuut unc wcnwo - — *»— — — — *r 

gradient that goes, for example, from about pH 7.0 to about pH 2.2 
in steps of 1 or 0.5 pH units. Since the affinity of the above 
described BPTI variants for HNE is not high (K, > 1-10" 9 M) , we 
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anticipated that fusion phage displaying these variants might 
dissociate from HNE beads at a pH above 2.2. Furthermore fusion 
phage might dissociate from HNE beads at a specific pH 
characteristic of the particular BPTI variant displayed. Low pH 
5 buffers providing stringent wash conditions might be required to 
dissociate fusion phage displaying a BPTI variant with a high 
affinity for HNE whereas neutral pH conditions might be sufficient 
to dislodge a fusion phage displaying a BPTI variant with a weak 
affinity for HNE. 

10 Thirty /il of BPTI (K15L) -III MA phage (1.7-10 10 pfu/ml in 

TBS/BSA) were added to 5 /il of a 50% slurry of HNE beads also in 
TBS/BSA. Similarly, 30 /il of BPTI -III MA phage (8.6-10 10 pfu/ml in 
TBS/BSA) were added to 5 /zl of HNE beads. Thus, an approximately 
equivalent number of phage particles were added to the beads. 

15 Samples were incubated for 3 hours with shaking. The beads were 
washed with 0.5 ml of TBS/BSA for 5 min with shaking , recovered by 
centrifugation, and the supernatant removed. The beads were 
washedv with 0.5 ml of TBS/0.1% Tween-20 for 5 minutes and 
... recovered by centrifugation. Pour additional washes with TBS/0-1% 

20 Tween-20 were performed. The beads were washed with 0.5 ml of 100 
. mM r sodium citrate, -pH 7 . 0 containing 1.0 mg/ml BSA. The beads 
were recovered by centrifugation and the supernatant was removed. 
The HNE beads were washed sequentially with a series of 100 mM 
sodium citra:te, 1.0 mg/ml BSA buff ers of pH 6.0, 5.0, 4.0 and 3.0 

25 andv finally with the 2.2 elution buffer. The pH washes were 
neutralized by the addition of 1 M Tris, pH 8.0, diluted in LB 
broth and titered for plaque- forming units. 

Table 203 illustrates that a low percentage of the input BPTI- 
III MK fusion phage adhered to the HNE beads and was recovered in 

30 the pH 7.0 and 6.0 washes predominantly. A significantly higher 
percentage of the BPTI (K15L) -III MA phage bound to the HNE beads 
and was recovered predominantly in the pH 5.0 and 4.0 washes. 
Hence lower pH conditions (i.e. more stringent) are required to 
dissociate BPTI (K15L) -III MA than BPTI-MK phage from immobilized 
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HNE. The affinity of BPTI CK15L) is over 1000 times greater than 
that of BPTI for HNE (using reported K, values { BECKS 8b) ) . Hence 
this suggests that lower pH conditions are required to dissociate 
fusion phage displaying a BPTI variant with a higher affinity for 
5 HNE. 



10 F f f -^ <* M»t--» t <"" V»-4? of BPTTfr i ^T,) on itfl Affinity 

fftr T Tnm " Mli2ed mTS 

Thirty pi of BPTI (K15L,MGNG) -III MA phage (9.2-10' pfu/ml xn 
TBS/BSA) were added to 5 pi of a 50% slurry of immobilized HNE 
also in TBS/BSA. Similarly 30 M l ©* BPTI (K15L) -III MA phage 
15 (1.2 -10 10 pfu/ml in TBS/BSA) were added to immobilized HNE. The 
samples were incubated for 3 hours with shaking. Beads were 
washed for 5 min with 0.5 ml TBS/BSA and spun down. The beads 
were washed 5 times with 0.5 ml TBS/0.1% Tween-20. Finally, the 
beads were washed sequentially with a series of 100 mM sodium 
20 citrate buffers of pH 7.0, 6.0, 5.5, 5.0, 4.75, 4.5, 4.25, 4.0 and 
3.5. pH washes were neutralized, diluted in LB broth and titered 
for plaque -forming units. 

Table 204 illustrates that almost twice as much of 
BPTI (K15L,MGNG) -III MA as BPTI (K15L) -III MA phage bound to HNE 
25 beads, in both cases the pH 4.75 fraction contained the largest 
proportion of recovered phage confirming that replacement of 
residues 39-42 of wild type BPTI with M39GNG from BI-8e enhances 
the binding of the BPTI (K15L) variant to HNE. 
^ongt-Tmrt-.ion of tt PTT f K15V. R1 7L) - III MA 
30 BPTI (K15V.R17L) demonstrates the highest affinity for HNE of 

any BPTI variant yet described (K, - 6-10' 11 M) (AUER89) . To test 
the elution system, a phage displaying this BPTI (K15V.R17L) was 
generated and used as a reference phage to characterize the 
affinity for immobilized HNE of fusion phage displaying a BPTI 
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variant with a known affinity for free HNE. 

Affinity Of BPTI (K15V.R17L) -III MA Phage for Immobilized HNE 

Forty fxl of BPTI (K15, R17L) -III MA phage (9.8-10 10 pfu/ml) in 
TBS/BSA were added to 10 fil of a 50% slurry of immobilized HNE 
5 also in TBS/BSA. Similarly, 40 fil of BPTI (K15L,MGNG) - III MA phage 
(5.13 *10 9 pfu/ml) in TBS/BSA were added to immobilized HNE. The 
samples were shaken for 1.5 hours. Beads were washed once for 5 
min with 0.5 ml of TBS/BSA and then 5 times with 0.5 ml of 
TBS/1.0% Tween-20. The beads were then washed sequentially with 
10 a series of 50 rtlM sodium citrate buffers containing 150 mM NaCl, 
1.0 mg/ml BSA of pH 7.0, 6.0, 5.0, 4.5, 4.0, 3.75, 3.5 and 3.0. 
For BPTI (K15L,MGNG) -III MA, the pH 3.75 and 3.0 washes were 
omitted. Two washes were performed at each pH and the 
supernatants pooled, neutralized with 1 M Tris pH 8.0, diluted in 
15 LB broth, and titered for plaque -forming units. 

Table 206 illustrates that the pH 4.5 and 4.0 fractions 
contained the largest proportion of the recovered BPTI (K15V,R17L) - 
III MA phage. BPTI (K15L,MGNG) -III MA phage, like BPTI (K15L) -III 
♦MA phage, were recovered predominantly in the pH 5.0 and 4.5 frac- 
20 tions, as above. The affinity of BPTI (K15V, R17L) is 48 times 
^ g^eater^ than -that of^BPTI*(K15L) for HNE (using K„ values, AUER89 
for BPTI (K15V/R17L) and BECK88b for BPTKK15D). That the pH 
elution profile for BPTI (K15V,R17L) -III MA phage exhibits a peak 
- atf pH 4^0 whilethe profile for BPTI (K15L) -III MA phage displays 
25 a^peak at pH 4.5 supports the contention that lower pH conditions 
paace required to dissociate, from immobilized HNE, fusion phage 
displaying a BPTI variant with a higher affinity for free HNE. 

*** 

EXAMPLE II 

30 BPTI Derivatives having high affinity for hNE 

We caused BPTI mutants to appear on the surface of M13 -derived 
display phage as amino- terminal fusions to the gene III protein 
(glllp) ; M13 has about five copies of glllp per virion. Our phage 
library theoretically included the 1728 BPTI mutants with PHE, 
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LEU, ILE, VAL or MET at positions 15 and 17, GLY or ALA at 
position 16, PHE, SER. THR or ILE at position 18 and SER, PRO, 
THR, LYS or GLN at position 19, as a result of expression of a 
BPTI gene (coding for the aforementioned MGNG mutation) subjected 
to controlled random mutagenesis, and screened for hNE-bindmg 
activity by incubating phage bearing the mutants with immobilized 
hNE, and eluting the phage with progressively more acidic buffers. 
Twenty mutants (see clonal identifiers in Tables 207-208) were 
selected for sequencing, and exhibited eight unique sequences. 
Tables 207 and 208 show the sequences of nine (the eight, plus 
another identified in a pilot study) BPTI derivatives having high 
affinity for hNE. EpiNEl, EpiNE3, EpiNES, EpiNE6 and EpiNE7 eluted 
at t>H 3.5; EpiNE2, EpiNE4 , and EpiNE8 at pH 3.5-4. 

" That pH conditions less than 4.0 are required to elute EpiNEl, 
EpiNE3 , and EpiNB7- bearing phage from immobilized HNE suggests 
that they display BPTI variants having a higher affinity for HNE 
than BPTI (K15V,R17L> . 

EpiNEl, EpiNE3 and EpiNE? were expressed as soluble proteins 
and analyzed for HNE inhibition activity by the f luorometric assay 
of Castillo fit ai^ (CAST79) ; the data were analyzed by the method 
of Green and Work (GREE53) . EpiNEl, EpiNE3 , and EpiNE7 have been 
produced as free proteins, both in E. coli and in yeast. The 
ability of these proteins to inhibit hNE was measured by following 
the cleavage of a fluorogenic substrate. The ^ for these 
5 compounds is 1 pM, 3 pM. and 3 pM. Phage that display EpiNEl are 
used to establish a reference pH-elution profile to allow quick 
characterization of other KuDom inhibitors displayed on phage. 
All of the listed EpiNEs have lower K<s than BPRI (K15V,R17L) (60 
pM) . 

0 An examination of the sequences of the EpiNE clones is 

illuminating. A strong preference for either VAL or ILE at the PI 
position (residue 15) is indicated with VAL being favored over ILE 
by 14 to 6. No examples of LEU, PHE, or MET at the PI position 
were observed although the screened library theoretically should 
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consistent with the observation that BPTI variants with single 
amino acid substitutions of LEU, PHE, or MET for LYS l3 exhibit a 
significantly lower affinity for HNE than their counterparts 
5 containing either VAL or ILE (BECK88b) . 

PHE is strongly favored at position 17, appearing in 12 of 20 
clones. MET is the second most prominent residue at this position 
but it only appears when VAL is present at position' 15, At 
position 18 PHE was observed in all 20 clones sequenced even 

10 though the library should have included other residues at this 
position. This result is quite surprising and could not be 
predicted from previous mutational analysis of BPTI, model 
building, or on any theoretical grounds. We infer that the 
presence of PHE at position 18 significantly enhances the ability 

15 each of the EpiNEs to bind to HNE* Finally at position 19, PRO 
appears in 10 of 20 codons while SER, the second most prominent 
residue, appears at 6 of 20 codons. Of the residues targeted for 
mutagenesis in the present study, residue 19 is the nearest to the 
edge of the interaction surface of an inhibitor with HNE. 

20 Nevertheless, a preponderance of PRO is observed and may indicate 
.that PRO at 19, like PHE at 18, enhances the binding of these 
proteins to HNE. Interestingly, EpiNES appears only once and 
differs from EpiNEl only at position 19; similarly, EpiNE6 differs 
from EpiNE3 only at position 19. These alterations may have only 

25 a^minor effect on the ability of these proteins to interact with 
, HNE . This is supported by the,; fact that the pH elution profiles 
for EpiNES and EpiNE6 are very similar to those of EpiNEl and 
EpiNE3 respectively. 

Only EpiNE2 and BpiNE8 exhibit pH profiles which differ from 

30 those of the other selected clones. Both clones contain LYS at 
position 19 which may restrict the interaction of BPTI with HNE. 
However, we can not exclude the possibility that other alterations 
within EpiNE2 and EpiNES (R15L and Y21S respectively) influence 
their affinity for HNE. 
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described in SAMB89 and AUSU87. 

The protein sequence of human ITI-D1 consists of 56 amino acid 
residues extending from LYS M to ARGn of the complete ITI light 
chain sequence. This sequence is encoded by the 168 bases between 
5 positions 750 and 917 in the cDNA sequence presented in TRAB86. 
DNA encoding this amino- acid sequence was introduced into Ml 3 gene 
Hi by standard means. Phage isolates containing the ITI-D1-III 
fusion gene are called MA- ITI and carry an amp* gene. Expression 
of the ITI -Dl:: III fusion protein and its display on the phage 
10 surface were demonstrated by Western analysis and phage- titer 
neutralization experiments with rabbit anti(hlTI) serum. 

rrecfcjQnfltiipn — Qf — flfr-ITI Phftqe bound to agarose - immobil i zed 

protease beada. 

To test if phage displaying the ITI -Dl- III fusion protein 

15 interact strongly with the proteases human neutrophil elastase 
(hNE) or cathepsin-G, aliquots of display phage were incubated 
with agarose- immobilized hNE or cathepsin-G beads (hNE beads or 
Cat-G beads, respectively) . The beads were washed and bound phage 
eluted by pH fractionation. The procession in lowering pH was: pH 

20 7.0, 6.0, 5.5, 5.0, 4.5, 4.0, 3.5, 3.0, 2.5, and 2.0. Following 
elution-vand ^neutralization, the various input, wash, and pH 
elution -fractions were titered. 

The results of several fractionations are summarized in Table 
212 : (EpiNE-7 or MA- ITI phage bound to hNE beads) and Table 213 

25 ( BpJLC r/io^or ^MA-ITI ^phage bound to Cat-G beads) . For the two types 
ofi^beadsM-hNE or Cat-G), the pH elution profiles obtained using 
the control display phage (EpiNE-7 or EpiC-10, respectively) were 
similar to those seen previously. About 0.3% of the EpiNE-7 
display phage applied to the hNE beads were eluted during the 

30 fractionation procedure and the elution profile had a maximum for 
elution at about pH 4.0. A smaller fraction, 0.02%, of the EpiC- 
10 phage applied to the Cat-G beads were eluted and the elution 
profile displayed a maximum near pH 5.5. 

. The MA- ITI phage show no evidence of great affinity for either 
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„ or cathepein- G ^ . 
profiles for Ma-ITI phage bound to hNE or <=" 
essentia monotonic decreases in phage recovered 
-H Further, the total fractions of the phage applied to the 
, needs tnTt were recovered during the fractionation procedures were 
ouite low, 0.002% from hNE beads and 0.003% from Cat-G beads. 
* Wished values of K, for inhibition neutrophil 
the intact, large <*-2«0.000> in protein range betwe« , 60 and 150 
n„ and values between 20 and 6000 nM have been reported for the 
l0 HZxim of Cathepein 0 by m «-0. . J*r~ 

measurements of P H fraction of display phage bound to hNE beads 
show that phage displaying proteins with low affinity (»,» J« 
Z are not bound by the beads while phage displaying prote^s 

™ (nM) bind to the bead, and are eluted at 

15 "abou/pHT" Xf'^hi first KuCom of the XT! light chain is entirely 
responsible for the inhibitory activity of IT! against hNE and if 
this domain is correctly displayed on the MA-ITI P**se. thenit 
appears that the mini-m affinity of an inhibitor for hNEthat 
auows binding and fractionation of display phage on hNE beads is 

20 50 to 100 DM. 

*i ration p-t reainn of ITI-Pl, 

If ITI-D1 and EpiNE-7 assume the same configuration xn 
solution as BPTI, then these two polypeptides have identical amino 
acid sequences in both the primary and secondary W 

25 with the exception of four residues about the PI P-£« £ 
positions 11 and 34. For ITI-D1 the sequence for P"^"^ 
20 is (position 15 in ITI-D1 corresponds to position 36 in the UTI 
sequence of GEBH86) : 

BPTI position numbers SS^st-v 

30 asmis 13 ^ 1j[ 17 tTi\ ^ ^ V verfnigh 

EpiNE7 T V A M F P R O 

m-W £ 3 - 3 » aV 3 - 4 " 4J 52 5S «- iti positions 

35 These two proteins differ greatly in their affinities for hNE. To 
improve the affinity of ITI-D1 for hNE, the EpiNE-7 sequence was 
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incorporated by cassette mutagenesis into the ITI-D1 sequence at 
positions 15 through 20. Phage containing the ITI-D1-III fusion 
gene with the EpiNE-7 changes around the Pi position are called 
MA-ITI-E7. 

Fractionation of MA-ITI-B7 phage. 

To test if the changes at positions 15, 16, 18, and 19 of the 
ITI-Dl-III fusion protein influence binding of display phage to 
hNE beads, abbreviated pH elution profiles were measured* 
Aliquot s of EpiNE-7, MA-ITI, and MA-ITI-E7 display phage were 
incubated with hNE beads for three hours at room temperature. The 
beads were washed and phage were eluted as described above, except 
that only three pH elutions were performed: pH 7.0, 3.5, and 2.0. 
The results of these elutions are shown in Table 214. 

Binding and elution of the EpiNE-7 and MA-ITI display phage 
were found to be as described. The total fraction of input phages 
was high (0.4%) for EpiNE-7 phage and low (0.001%) for MA-ITI 
phage. Further, the EpiNE-7 phage showed maximum phage elution in 
the pH 3.5 fraction while the MA-ITI phage showed only a monotonic 
decrease in phage yields with decreasing pH , as seen above. 

MA-ITI-E7 phage show increased levels of binding to hNE beads 
relative to? MA-ITI phage. The total fraction of the input phage 
eluted from the beads is 10-fold greater for both MA-ITI-E7 phage 
strains than for MA-ITI phage (although still 40 -fold lower that 
EpiNE-7/ phage) . Further, the pH elution profiles of the MA-ITI-E7 
phage strains show maximum elutions in the pH 3.5 fractions, 
. similar^to^EpiNE- 7 phage . 

To further define the binding properties of MA-ITI-E7 phage, 
the extended pH fractionation procedure described previously was 
performed using phage bound to hNE beads, as shown in Table 215. 
The pH elution profile of EpiNE-7 display phage is as previously 
described. In this more resolved pH elution profile, MA-ITI-E7 
phage show a broad elution maximum centered around pH 5. Again, 
the total fraction of MA-ITI-E7 phage obtained on pH elution from 
hNE beads was about 40 -fold less than that obtained using EpiNE-7 
display phage. 
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The pH elution behavior of MA-ITI-E7 phage bound to hNE beads 
is qualitatively similar to that seen using BPTI [K15L] -III-MA 
phage. BPTI with the K15L mutation has an affinity for hNE of 
-3. -10"' M. Assuming all else remains the same, the pH elution 
5 profile for MA-ITI-E7 suggests that the affinity of the free 
ITI-D1-E7 domain for hNE is in the nM range. Thus, the 
substitution of the EpiNB-7 sequence in place of the ITI-D1 
sequence around the PI region has produced an apparent 20- to 50- 
fold increased affinity for hNE (assuming K| - 60 to 150 nM for 
10 ITI-D1). 

If EpiNE-7 and ITI-D1-E7 have the same solution structure, 
these proteins present the identical amino acid sequences to hNE 
over the interaction surface. Despite this similarity, EpiNE-7 
exhibits » roughly 1000 -fold greater affinity for hNE than does 

15 ITI-D1-E7. This observation highlights the importance of non- 
contacting secondary residues in modulating interaction strengths . 

ITI light chain is glycosylated at SER10 and ASN45 (GEBH86) . 
Removal of the glycosaminoglycan chains has been shown to decrease 
the affinity of the inhibitor for hNE about 5- fold (SELL87) . 

20 Another potentially important difference between EpiNE-7 and 
ITI-D1-E7 is that of net charge. BPTI has charge +6 while EpiNE7 
has charge +1 and ITI-D1 has charge -1. Furthermore, the change 
in charge between these two molecules arises from differences in 
the central portions of the molecules which neighbors the binding 

25 surface. Position 26 is LYS in EpiNE-7 and is THR in ITI-D1-E7, 
while at position 31 the residues are GLN and GLU, respectively. 
These sequence changes not only alter the net molecular charge but 
also place negative charge close to the interaction surface in 
ITI-D1-E7. It may be that the occurrence of a negative charge at 

30 position 31 (not found in any other hNE inhibitors here described) 
destabilized the inhibitor-protease interaction. 
Preparation c ?f BTTI-E7 Phaoe 

We replaced K,EDS of ITI-D1 with RjPDF from EpiNE7 to make 
phage MA-BITI-E7. Phe 4 of BPTI is part of the hydrophobic core of 
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the protein; replacement with serine may alter the stability or 
dynamic character of ITI-E7 unfavorably. ITI-E7 has a negatively 
charged Glu at position 2 while EpiNe7 has Pro. 

We made the same changes at the putative amino terminus of the 
5 ITI-III fusion protein displayed by the phage MA-ITI. These phage 
are called MA- BITI . 

We compared the properties of the ITI-III fusion proteins 
displayed by phage MA-ITI and MA-BITI using Western analysis. We 
found no significant differences in apparent size or relative 

10 abundance of the fusion proteins produced by either display phage 
strain. Thus, there are no large differences in the processed 
forms of either fusion protein displayed on the phage. By 
extension, there are also no large differences in the processed 
forms of the gene III fusion proteins displayed by MA-ITI-E7 and 

15 MA-EpiNE7. Large changes in protein conformation due to greatly 
altered processing are therefore not likely to be responsible for 
the great differences in binding to hNE-beads shown by MA-ITI-E7 
and MA-EpiNE7 display phage. 

We characterized the binding properties to hNE-beads of MA- 

20 BITI and MA-BITI-E7 display phage using the extended pH 
fractionation procedure* described previously, see Table 216. The 
pH elution profile of MA-EpiNE7 display phage bound to hNE-beads 
is* similar to that previously described. The pH elution profiles 
forrMA-BITI and MA- BITI- E7 show significant differences from the 

25 profiles exhibited by MA-ITI and MA-ITI-E7 (cf. Tables 212 and 
215). In - both cases, the alterations at the putative amino 
terminus of the displayed fusion protein produce a several -fold 
increase in the fraction of the input display phage eluted from 
the hNE-beads. 

30 The binding capacity of hNE-beads for display phage varies 

among preparations of beads and with age for each individual 
preparation of beads. Thus, one should compare the relative 
shapes of profiles obtained on beads of substantially the same age 
and from the same batch. For example, the fraction of MA-EpiNE7 

35 display phage recovered from hNE-beads varies two- fold among the 
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experiments shown in Tables 212. 215, and 216, and from results 
given elsewhere in the present specification. However, the shapes 
of the pH elution profiles are quite similar. It is possible to 
correct approximately for variations in binding capacity of hNE- 
5 beads by normalizing display phage yields to the total yield of 
MA-EpiNE7 phage recovered from the beads in a concurrent elution. 
When the data shown in Tables 212, 215, and 216 are so normalized, 
the recoveries of display phage, relative to recovered MA-EpiNE7, 
are: 

10 normalized fraction 
displ ay phage strain of i nput 



is 



20 



MA-ITI 0.0067 

MA-BITI 0.027 

MA-ITI-B7 0.027 

MA.-BITI-E7 0.13 



Thus, the alterations in the amino terminal sequence of the 
displayed fusion protein produce a three- to five- fold increase in 
the fraction of phage eluted from hNE -beads. While the MA-ITI-E7 
elute with a broad pH maximum centered around pH 5.0, the pH 
elution profile for MA-BITI-E7 phage has a pH maximum at around pH 
4.75 to pH 4.5. 

25 The pH elution maximum of the MA-BITI-E7 display phage is 

located between the maxima exhibited by the BFTI (K15L) and 
BPTI (K15V, R17L) display phage ( pH 4.75 and pH 4.5 to pH 4.0, 
respectively) described previously (Example III) . Prom the pH 
maximum exhibited by the display phage we estimate that the BITI- 

30 E7 protein free in solution has an affinity for hNE in the 10" 10 E2 
range. This would represent an approximately ten- fold increase in 
affinity for hNE over that estimated above for ITI-E7. 

As described above, Western analysis of phage proteins show 
that there are no large changes in gene III fusion proteins upon 

35 alteration of the amino terminal sequence. Thus, it is unlikely 
that the changes in affinity of display phage for hNE-beads can be 
attributed to large-scale alterations in protein folding resulting 
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from altered ("correct 11 ) processing of the fusion protein in the 
amino terminal mutants. The improvements in binding may in part 
be due to: 1) the decrease in the net negative charge (-1 to 0) on 
the protein arising from the GLU to PRO change at position 2, or 
5 2) increased protein stability resulting from the SER to PHE 
substitution at residue 4 in the hydrophobic core of the protein, 
or 3) the combined effects of both substitutions. 

Production and properties of MA-BITI-E7-1222 and M&-BITI-E7-141 

10 Within the presumed KuDomzhNE interface, BITI-E7 and EpiNE7 

differ at only two positions: 11 and 34. In EpiNE7 these residues 
are THR and VAL, respectively. In BITI-E7 they are ALA and GLN. 
In addition BITI-E7 has GLU at 31 while EpiNE7 has GLN. This 
negative charge may influence binding although the residue is not 

15 directly in the interface. We used oligonucleotide -directed 
mutagenesis to investigate the effects of substitutions at 
positions 11, 31 and 34 on the protease: inhibitor interaction. 

riPhage MA-BITI-E7-1222 is the same as BITI-E7 with the mutation 
AllT. :.vPhage..,MA-BITI-E7-l41 is the same as BITI-E7 with the 

20 mutations E31Q and Q34V. 

" We n "determined the binding properties to hNE -beads of MA-BITI- 
E7*-1222" and^ MA-BITI-E7-141 display phage using the extended pH 
fractionation protocol, as shown in Tables 217 (for MA-BITI-E7 and 
MA-BITI-E7-1222) and 218 (for MA-EpiNE7 and MA-BITI-E7-141) . 

25 ^Thus, the substitution of THR for ALA at position 11 in the 
displayed ITT derivative has no appreciable effect on the binding 
of display phage to hNE -beads. 

In contrast, the changes at positions 31 and 34 profoundly 
affect the hNE -binding properties of the display phage (Table 

30 218) . The elution profile pH maximum of MA-BITI-E7-141 phage is 
shifted to lower pH relative to the parental MA-BITI-E7 phage. 
Further, the position of the maximum (between pH 4.5 and pH 4.0) 
is identical to that exhibited by MA-EpiNE7 phage in this 
experiment. Finally, the MA-BITI-E7-141 phage show a ten- fold 

35 increase, relative to the parental MA-BITI-E7, in the total 
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fraction of input phage eluted from hNE-beads (0.3% a 
indeed, the total fraction of MA-BITI-E7-141 phage eluted from the 
nNE-beads is nearly twice that of MA- EpiNE7 phage . 

The results discussed above show that binding by 
141 display phage to hNE-beads is comparable to that of 
phage. Thus, BITI-E7-141 may have K D < 1 P M. Such an 
^proximately 100-fold greater than that estimated above or the 
parent (BITI-E7) and is 10' to 10« times as great as the affimty 
for hNE reported for the intact ITI protein. 

M^ragenesis of pm-B7-lU 

BITI-E7-141 differs from ITI-D1 at nine positions (1, 2, 4, 
15 16 18 19 31, and 34) . To obtain the protein having the 
.J..-. '„v,™o fro™ rri-Dl while retaining high specific affinity 
7Jt°uxe. we'have investigated the effects of reversing the changes 

•'• a , , a is 19 31, and 34. The changes we have 
at positions 1, 2, 4, it>, 1*1 

introduced into the BITI-E7-141 protein 
schematically below: 
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is likely that MET at 17 and PHE at IB are optimal for high 
affinity hNE binding, but Fi 7 Fn is also effective, GLY at 16 and 
SER at 19 occurred frequently in the high affinity hNE-binding 
BPTI-variants obtained from fractionation of a library of BPTI- 
5 variants against hNE (R0BE91) . Thus, it seems likely that the 
ITI-D1 sequence at these positions can be restored while maintain- 
ing high specific affinity for hNE. The sequence designated 
MUT200 is hypothetical, but is very likely to have high affininty 
for hNE. 

10 The BITI display phage were produced by substituting R,PDF of 

EpiNE7 for KjEDS of ITI phage. 

Two changes had been introduced into the sequence for BITI-E7 
to produce BITI-E7-141: GLU to GLN at position 31 and GLN to VAL 
at position 34. 

15 The BITI-E7-141 protein sequence ASN24-GLY25-THR26 matches the 

general recognition sequence ASN-X-THR/SBR for N- linked 
glycosylation in eukaryotic organisms. In the intact ITI molecule 
: isolated from, human serum, the light chain polypeptide is 
glycosylated, at this site (ASN45, ODOM90) . It is likely that 
20 ASN24 will be glycosylated if the BITI-E7-141 protein is produced 
-via* eukaryotic expression. Such glycosylation may render the 
Vprotein^ difficult to purify to homogeneity and immunogenic when 
^used for long-term treatment. We changed T^ to A because alanine 
^tis ; f ound frequently at this locus in KuDoms . 

25 ^fiys.bindipq properties of mutagenizefl MA-BITI-E7-141 display phage 

■^The binding properties of the individual phage populations to 
hNE -beads were determined using the abbreviated and extended pH 
elution protocols described previously. The results of these 
studies are presented in Table 219. 
30 Table 219 shows pH elution data for the various display phage 

eluted from hNE -beads. Total pfu applied to the beads are shown 
in the second column. The fractions of this input pfu recovered 
in each pH fraction of the abbreviated pH elution protocol (pH 
7.0, pH 3.5, and pH 2.0) are listed in the next three columns. 
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* * rM elution protocol, the pH 
F or data obtained using the extended ^ ^ ^ recover ed 
3.5 listing represents the -urn **• | 4 . 0 . and pH 3.5 eiutxon 
in the PH «... PH 5.5. »• »••. «J££ I rte o£ the Karons 
samples. Liaise, ana P« 2.0 elutxon 

5 of input obtained from the pB 3 0. P ed chrough0 ut 
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range of input ,fu listed xn Table .a . r ^ cocal 

recovery. The greater the xnput £ ■ ^ effect xs 
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recovered, the display phage containing these alterations bind as 
well as the parental to hNE- beads. Indeed, the pH elution profiles 
obtained for the parental and the MUTT26A display phage from the 
extended pH elution protocol are indistinguishable. The binding 
of the MDTQE display phage appears to be slightly reduced relative 
to the parental and, in light of the applied pfu, it is likely 
that this binding is somewhat overestimated. 

The sequence alterations introduced via the MUTP1 and MUT1619 
oligonucleotides appear to reduce display phage binding to hNE- 
beads about 2- to 3 -fold. In light of the input titers and the 
distributions of pfu recovered among the various elution 
fractions, it is likely that 1) both of these display phage have 
lower affinities for hNE-beads than do MA-EpiNE7 display phage, 
and 2) the MUT1619 display phage have a greater affinity for hNE- 
beads than do the MUTP1 display phage. 

The sequence alterations at the amino terminus of BITI-E7-14 
appear to reduce binding by the display phage to hNE-beads at 
least ten fold. The AMIN02 changes are likely to reduce display 
phage binding to a substantially greater extent than do the AMINOl 
changes . 

On the basis of the above interpretations of the data listed 
in Table 219 ; we can conclude that: 
1.) The substitution of ALA for THR at position 26 in ITI-D1 
and its derivatives has no effect on the interaction of 
-the inhibitor with hNE. Thus, the possibility of 
,;glycosylation at ASN24 of an inhibitor protein produced 
in eukaryotic cell culture can be avoided with no 
reduction in affinity for hNE. 

2. ) The increase in affinity of display phage for hNE-beads 
produced by the changes GLU to GLN at position 31 and GLN to VAL 
at 34 results primarily from the VAL substitution at 34. 

3 . ) All three changes introduced at the amino terminal region of 
ITI-Dl (positions 1,2, and 4) influence display phage binding to 
hNE-beads to varying extents. The change at position 4 (SER to 
PHE) appears to have a much greater effect than does the change at 
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effect. m . the P1 residue in BITI-E7-141 

4.) The changes in the binai ng to ». The changes 

(position 15) influence «iiPW t0 redu ce the 

s £ to «, .t « perMps 3-fold. • « 

a££lni ty o £ the u further reduces 

substitution o£ I^ tor 

binding- t ^ positions, on the 

Bm.B7.i4i differs » Ukely cha t a bxgh 

U, basis of the £.* could he constructed that 

rtH.it, h»E-inhibitor based on xr ^ ^ ^ „ 

would differ tron the ITI M J» ltion 4, TOO. at 

• a/position ». 

„ ^ - « ^'tion o £ — i= - a concern - — 
he retsin^t^^^ 

iSI-HHS . ■. „haae binding to and elution from hSE 

on the basi. of display phage ^ ^ various 

a , beads, it i. P-.1M. » ""^V^" ' in solution. These 
derivatives of «* in Table 2,0. 

estimates are summarized below and 

Emmie 2 <n1t i»l and intermediate 

25 ngure 11 illustrates a number ^^f^ o£ . unKer 
compounds invoked in a hypothetical syndic _ ^ 

that incorporates *, . .2 * ' ^ ^ 

Compound I i. glyceraldehyd • »J* MafflSSE 
30 protected by -^""7^^ ^ E actions and 

OSaSI^aSTlI.J^^ pleBum p.ess. Hew 

Synthesis. F. A Carey an . . • er ^ works 

yorK. »W. »■ °- 306 ;" 45 I S is «acted with the Grignard reagent 
cited therein) . Compound I i» reac ^ at 

3S formed by 2 propylchloride to yield II. m 
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C 3 has been protected by a tetrahydropyranyl ether (THP) group 
(p. 679 in CARE90) * The MIM groups are selectively removed under 
nonacidic conditions in aqueous solution with Ag + or Hg + + 
(p. 680, CARE90) . The hydroxyl at Cj is selectively oxidized to 
5 the ketone with N-bromosuccinimide (pl059 in ADVANCED ORGANIC 
CHEMISTRY , Reactions. Mechanisms, and Structure Third Edition, 
Jerry March, John Wiley & Sons, New York, 1985, ISBN 0-471- 
88841-9 (hereinafter MARC85) and Filler, Chem Rev . 63:21-43 
(1963) (FILL63)) to give compound IV. 
10 The C, hydroxyl of IV is blocked with MTM, the keto group at 

Cj is reduced to the alcohol with LiAlH 4 (p. 809 MARC85) ; the C, 
hydroxyl is blocked with a S-methoxyethoxymethyl group (p,679 
CARE90) and the MTM group is removed to produce V. V is 
oxidized to the aldehyde with N-chlorosuccinimide (p. 1059 MARCS 5 
15 and FILL63) • Coxrqpound VI is converted to a Grignard reagent and 
reacted with V to produce the alcohol VTI. N-chlorosuccinimide 
is used to convert C 3 to a ketone; the ketone is converted to a 
3Smrd'±'£luoride (compound VIII) with di ethyl aminosul - 
furtrif luoride (DAST) or one of the other reagents listed on 
20 p. 809 of MARC85. 

^The^THP group protecting the hydroxyl on C s is removed by 
miid-add aqueous hydrolysis (p. 689 CARE90) ; the hydroxyl is 
converted to the chloride with PCI, or other suitable reagent 
4sueh^as^those listed on p. 383 of MARC85) to yield compound IX. 
25 '%The*MBMf groups are: then removed with non- aqueous zinc bromide 
#PJW9*£ARE90) • C 4 is then oxidized to a keto group while C, is 
oxidized to a carboxylic acid with an appropriate oxidizing 
agent, such as KMn0 4 or CrO, (MARC85 p. 1059 and p*1084) to yield 
compound X. The methyl ester of X is prepared by reaction with 
30 diazomethane (CARE90, p. 134) and is reacted with potassium 
phthalimide (CARE90, p. 132) to give XI (after treatment with 
hydrazine and hydrolysis of the methyl ester) . XI is suitable 
for incorporation into peptide synthesis using Ftooc or tBoc 
chemistry. 
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30 



chirality is preferred. 

Alternatives in the synthesis include: 
»» use of 2-butyl chloride Grignard reagent m place of 2 
^ propyl chloride Grignard reagent in the first reason. 
Lis change leads to synthesis of an analog* i o* X»- 
ALA in which the lining -NH- group is replace by CF, 

Other aUcyl chlorides may be used in place of 2- 
pr op y rchlo7ide, leading to other dipeptide analogues 
in which the first amino acid is re P laced ' 

,..vt w4H, XIII. This leads to synthesis of 

" analogues of VAL-GLY or ILE-GLY. Other 1 (O-MEM) -2 - 

^compounds can be used in place of VI, leading to 
dipeptide analogues in which the second amino acid 
different from ALA. 

c) 'sing compounds XIV and XV in place of V and VI, one 
can prepare XVI having no F substituents. 

d) use of CH,-CO,F allows addition of -F and 

across a double bond (p.lBl CARE90 and ref . 42 cite 
there) . XVII can be obtained, for example, by 
dehydration of the Grignard adduct of XIV and XV. 
Addition of CBi-CV produces XVIII which can be 
converted to the monofluoro derivative of XI. 

e) Closely related chemistry may be used to produce 
compounds having an additional -CH,- between C, and C, 

of XI. 



BaB ^ e u Bho »3 cc^unds involved in a hypotheses! 
synthefis of dipeptide analogues that contain boron ^plac of 
clrbonyl carbon. These analogues are used in Class I ana Class 
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II inhibitors. Compound XXXI was reported by Matteson £L al , 
( Oraanometallics 3:12841£ (1984) (MATT84) ) . XXXI is 
transesterif ied to give the isopropyl ester, XXXII. XXXIII is 
the MOM protected derivative of 1 hydroxy- 2 -methyl -3- 
5 chloropropane ; XXXIII is reacted with lithium and the lithium 
derivative is reacted with XXXII to give XXXIV. The MOM group 
is removed, the free alcohol is oxidized to the aldehyde with N- 
chlorosuccinimide and then to the carboxylic acid with Cr0 3 . 
The free dipeptide analogue is shown as XXXV. 
10 Example 7 

Figure 14 shows compounds involved in a hypothetical 
synthesis of a molecule containing a boronic acid group. The 
boronic acid group is positioned so that, when R 3 occupies the 
SI' site, it occupies the site of the carbonyl carbon of residue 
15 Pi. Compound XLI is readily prepared when R3 is -H, -CH 3 , 

ethyl, etc. Matteson £fc al^ MATT84 reports use of XLII. XLII 
imposed a particular chirality on XXXI {Figure 13). Reaction of 
XLII with XLI will produce XLIII. It is likely that the product 
will predominantly have one chirality at C,. It is not known 
20 whether the chirality will be as shown in Figure 14 or the 
opposite. XLIV is obtained by removal of the MOM group and 
^ oxidatifon >of-;the primary hydroxyl at C x to the carboxylic acid. 

XLIV can be coupled to free amines using N,N»- 
^ dicyclohexylcarbodiimide (DCC) . As XLIV has no amine groups, 
2 5 ~ XLW >is*,a ^ehain^t erminator . 

^The*.R, linkers used in Class II inhibitors can be 
synthesized by standard methods as found in CARE90, MARC85, and 
other sources. 
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Table 13: BPTI Homologues (1-19) 
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Table 13, Continued (BPTI Homologues 20-35) 

R # 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

D - - 

-* « - - 

TP-" 

\\ Z - L Z R K - - - R R ' E T " " 

.! p-QDDN - - - QK-RT- 

1 RRHHRRIKTRRRGDKT 

2 RPR PPPNBVHHPFLAV 
10 3 KYTKKTGDARPDLPDE 

4 laFFFFDSADDFDISA 

5 
6 

7 lllllllllkkkSQ 

15 3 - - 

9 RVAAAPKYVPPPP^YI 

10 - -- - „ _ 

11 pAPPPTVARKTTTAQQ 

12 n T r. B G * * a a Q K fl <? Q Q 

13 RPPRRRPPPN IPPLPP 

14 ~ n n c c c r c r, gcrcCCC 

15 YMKKLNRMR - -KRFLR 

16 DFAAAAAGAGQAAGGA 

17 KFSHYLRMFPTKGYLF 
1B jiiIMIFTIVVMFMFI 

19 psPPPPPSQRRlKKKQ 

20 AAARRARRLAARRLRL 

21 FFFFFFYYWFFYYYYW 

22 YYYYYYYFAYYFNSFA 
30 23 Y T Y Y Y T Y T W 7 T T T 7 T F 

24 HSHDHHHHDD&HHS-- 

25 QKWSPSSGATPATQGA 

26 KGAAAHSTVRSKRETV 

27 KAASSLSSKLAATTSK 

35 



20 



25 
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Table 13, continued (Hamologues 36-40) 



R # 36 37 38 39 40 

-5 

5-4 

-3 

-2 

-1 - Z - - - 

1 R R R R R 

10 2 P P P P P 

3 D D D D D 

4 F F P F F 

5 C C C C C 

6 L L L L L 
15 7 E E E E E 

8 P P P P P 

9 P P P P P 

10 Y Y Y Y Y 

11 ; T T T T T 

20 12 q q g q g 

13 * P P t- p p p 

14 ,;. C * C C C C 

15 R K K K K 
t*16 A A A A A 

25 JM1 - R R R .R K 

,^18 .1 M I M M 

19 I I I I I 

20 R R R R R 

21 Y Y Y Y Y 
30 22 F F F F F 

23 Y Y Y Y Y 

24 N N N N N 

25 A A A A A 

26 K K K K K 
35 27 A A A A A 
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R S R R S 

w w w W H 
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Table 13, continued 
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Legend to Table 13 

1 BPTI 

2 Engineered BPTI From MARK87 
c 3 Engineered BPTI From MARK87 

4 Bovine Colostrum (DUFT85) 

5 Bovine Serum (DUFT85) 

6 Semisynthetic BPTI, TSCH87 

7 Semisynthetic BPTI, TSCH87 
10 8 Semisynthetic BPTI, TSCH87 

9 semisynthetic BPTI, TSCH87 
10 semisynthetic BPTI, TSCH87 

15 ^TfVnini mnrinn-lTlrr^^^^ Mamba) venom k 

V™* 5) ]]r ^ rya v^ates (Ringhals Cobra) HHV II 
CDUFTSS)^ _^ ^. _ /ra ^ cofera) ^ T1 (DUFT85 ) 

* u XJ u 7 - '" IiTripinflei'B viper) RW II itaww*' 

16 yipprfl ossein {Rus ^?Z a /nTi^Tas) 

17 Red sea turtle egg white <DUFT85) 

25 C " fo — i!— Green «™ba» 

C13 ?! ^n^ni"-— < B1 "* " mba ' B toxin 
30 <DOTTas ? ii i, nnlnn'f ,B1 »<* Ma " bal E t " dn 

30 beta bungarotoxin B2 (DUFT85) 
40 11 ^X^^ 10 ^o, crab) hemocyte 

^SSESL (silkworm) SCI-IH (SASA84) 

34 saa taiuaia (inactive) bi-14 

45 35 S2fi taiiEUS. (active) BI- 8 »„™*i* -88. Biol Chem 
36:Engineered BPTi ikkas, ' 



50 
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Tschesche , 88, Biol Chem Hoppe-Seyler, 2£2: 157-163. 

40 : Isoaprotinin l: Siekmann, Wenzel, Schroder, and 
Tschesche '88, Biol Chem Hoppe-Seyler, 369 ;157-163 . 

5 Notes : 

a) both beta bungarotoxins have residue 15 deleted. 

b) B. mori has an extra residue between C5 and C14; we 
have assigned F and 6 to residue 9 . 

c) all natural proteins have C at 5, 14, 30, 38, 50, & 55. 
10 d) all homologues have F33 and G37. 

e) extra C's in bungarotoxins form interchain cystine 
bridges 
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Table 15: Frequency of Amino Acids at Each Position 
in BPTI and 58 Homologues 

Res. Different 
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C 
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Table 15: Frequency of Amino Acids at Each Position 
in BPTI and 58 Hoznologues (continued) 



Res. Different 



c 
D 


jsIm — 


AAs 


— Loncents 


17"* rqf 






9 


R25 


m i vc oa pi mi t o no d 

wX J IxD \J** CO I!U Ija 1s« Jr 


R 






2 


G35 


AO 4 


A 




41 


3 


N33 


K24 D2 


K 




42 


12 


R22 


JV12 Gfi Qfi DO HO MO M fi T? JC I, 


R 




43 


2 


N57 


G2 


N 




44 


3 


N40 


PI 4 


N 




4 R 


2 


F58 


Y 


F 




4£ 


11 


K39 


vc T?4 QO VO HO • p W T & T. 


ir 




47 


2 


S36 




s 


15 


48 


11 


A23 


111 E6 QS L4 K2 T2 W2 S D R 


A 




49 


8 


E37 


K8 D6 Q3 A2 P H T 


E 




50 


7 


E27 


D25 K2 L2 M Q Y 


D 




51 


2 


C58 


A 


C 




52 


9 


Ml 7 


R15 B8 L7 K6 Q2 T2 H V 


M 


20 


53 


11 


R37 


E6 Q5 K2 C2 H2 A N 6 D W 


R 




54 


8 


T41 


Y5 A4 V3 12 E2 M K 


T 




55 


1 


C59 




C 




56 


10 


G33 


V9 R5 14 E3 L A S T K 


G 




57 


12 


G34 


V6 -5A3R2I2P2DKSLN 


G 


25 


58 


10 


A25 


-15 P7 K3 S2 Y2 62 F D R 


A 
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Legend for Table 15 

2 synthetic BFTI, Tan & Kaiser, biochem. 16(8)1531-41 
5 3 Semisynthetic BPTI, TSCH87 

4 Semisynthetic BPTI, TSCH87 

5 Semisynthetic BPTI, TSCH87 

6 Semisynthetic BPTI, TSCH87 

7 Semisynthetic BPTI, TSCH87 
10 B Engineered BPTI, AUERB7 

9 BPTI Auerswald tal GB 2 208 511A 

10 BPTI Auerswald tal GB 2 208 511A 

11 Engineered BPTI Prom MARKS 7 

« gJSuSTiSn ESJSS'V Bid Cnem Hoppe-Se yl er. 36* 
SU 1«CTI P »30A»51 Bigenbrot sal. Protein Engineering 
"SSiSiSt&S'a S i«>»ann et al .88. Bio! Chem Hoppe-Seyler. 

oft •aCQ • T57-163. _ ... _ . , 

" i6lsoaprotinin G-2: Siekmann et ax ■»», v^«»» 

H °?? e B?Tf Ingineered!"Auerswald aal GB 2 208 511A 

18 InlSeered', Auerswald tal GB 2 208 511A 

19 BPTI Engineered, Auerswald &al GB 2 208 511A e „„ l07 . 
20Isoapro?iSn O-l Siekmann &al '88, Biol Chem Hoppe-Seyler, 



30 



36 21 1 BPTi 6 EAgineered, Auerswald fial GB 2 208 511A 

22 BPTI Engineered, Auerswald &al GB 2 208 511A 

23 Bovine Serum (in Dufton '85) 

24 Bovine spleen TI II (FIOR85) 

25 Snail mucus (Helix pomatia) (WAGN78) nufton 
26Hemachatus hemachates (Ringhals Cobra) HHV II (in Dufton 



35 27 Red sea turtle egg white (in Dufton '85) 

28 Bovine Colostrum (in Dufton '85) 

29 Naja nivea (Cape cobra) NNV II (in Dufton -85) 

30 Bungarus fasciatus VIII B toxin (in Dufton 85) 

31 Vipera ammodytes TI toxin (m Dufton 85) 

40 32 Porcine ITI domain 1, (in CREI87) jchtwqo) 
33Human Alzheimer's beta APP protease inhibitor. (SHIN90) 

34 Equine ITI domain 1. in Creighton & Charles 

35 Bos taurus (inactive) BI-8e (ITI domain 1) 
36Anemonia sulcata (sea anemone) 5 II UnDa ton '85^ 

45 37Dendroaspis polylepis polylepes (Black Mamba) E toxin tin 

^SVipera russelli (Russel's viper) RW II (TAKA74) 

^Schy^lSftridentatus (Horseshoe crab) hemocyte inhibitor 

(NAKA87) 

50 40 LACI 2 (Factor Xa) (WUNT88) 

41 Vipera ammodytes CTI toxin (in Dufton '85) 



WO 92/15605 



PCT/US92/01501 



79 



Identification codes for Tables 14 and 15 

42Dendroaspis polylepis polylepis (Black Mamba) venom K (in 
Dufton '85) 

5 43Homo sapiens HI-8e "inactive" domain (in Dufton '85) 
44Green Mamba toxin K, (in CREI87) 

45Dendroaspis angusticeps (Eastern green mamba) C13 SI C3 
toxin (in Dufton '85) 
46 LACI 3 

10 47 Equine ITI domain 2, (CREI87) 
48 LACI 1 (Vila) 

49Dendroaspis polylepis polylepes (Black mamba) B toxin (in 
Dufton '85) 

50 Porcine ITI domain 2, Creighton and Charles 
15 SIHomo sapiens Hl-8t "active" domain (in Dufton '85) 
52 Bos taurus (active) BI-8t 

53Trypstatin Kito &al C88) J Biol Chem 263(34)18104-07 
54Dendroaspis angusticeps (Eastern Green Mamba) C13 S2 C3 

toxin (in Dufton '85) 
20 55Green Mamba I venom Creighton & Charles '87 CSHSQB 

52:511-519. 

56 beta bungarotoxin B2 (in Dufton '85) 

57Dendroaspis polylepis polylepis (Black mamba) venom I (in 
Dufton »85) 

25 58 beta bungarotoxin Bl (in Dufton '85) 
-rS 9>3ombyx-mpr i (silkworm) SCI -III (SASA84) 
^iTable v6l:.yariability of Naturally- occuring Kunitz domains 



30 


Res. 
M. 


Different 
AAs 








Contents 




BPTI 








i 


•12 


R16 


K6 


T4 


A3 


H2 


62 


M 


N 


P 


I 


L 




% 2 


9 


PI 8 


R6 


A4 


V4 


E3 


N 


F 


H 


I 








• 3 


•10 


D14 


K8 


S4 


A3 


T3 


62 


E2 


L 


R 


Y 






4 


9 


F17 


A6 


I>4 


S4 


Y3 


D2 


V 


W 


I 






35 


5 


1 


C39 
























6 


12 


L7 


N7 


E6 


K4 


Q4 


13 


S2 


Y2 


R 


F 


T 




7 


r 5 


L29 


E7 


F 


S 


T 
















8 


9 


P27 


H3 


D2 


62 


I 


K 


L 


E 


Q 








9 


11 


A10 


P10 


14 


V4 


R3 


Y3 


H 


Q 


E 


K 


L 


40 


10 


9 


E8 


V6 


Y6 


D5 


A4 


S3 


N3 


R3 


I 








11 


11 


T12 


Q8 


P7 


R3 


A2 


Y2 


K 


S 


D 


V 


I 




12 


1 


639 
























13 


4 


P27 


R7 


L4 


I 


















14 


1 


C39 






















45 


15 


6 


K18 


Rll 


L4 


Y3 


M2 


N 














16 


7 


A25 


G7 


D2 


K2 


F 


Q 


R 












17 


12 


K7 


R7 


F5 


M4 


H3 


Y3 


A2 


G2 


S2 


L2 


N 




18 


8 


123 


M6 


F4 


L2 


K 


A 


E 


T 










19 


10 


P13 


16 


R6 


K4 


S4 


Q2 


L 


N 


E 


T 




50 


20 


5 


R21 


A7 


L5 


S5 


Q 
















21 


5 


F16 


Y16 


W5 


I 


L 
















22 


5 


Y17 


F14 


A5 


H2 


N 















R 
P 
D 
F 
C 
L 
E 
P 
P 
Y 
T 
6 
P 
C 
K 
A 
R 
I 
I 
R 
Y 
F 
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10 



15 



23 


•> 


24 


A 
H 


25 




2b 


1 9 


Z / 


ft 


z o 


7 




o 




1 


31 


10 


32 


10 


33 


1 


34 


12 


35 


2 


36 


2 


37 


1 


38 


1 


39 


8 



Y32 

N29 

All 

K13 

A13 

G14 

K13 

C39 

E16 

Pll 

F3* 

110 

Y36 

G31 

G39 

C39 

G14 



F7 
D7 
S6 
A9 



K2 S 

G4 W4 Q3 K2 L2 P2 
T5 V3 S2 H ~ ~ 



D Q 

S12 K5 Q3 T3 I E L 
K10 N5 M4 H2 Q2 R2 
Qll A5 L4 F2 R2 " 



R 
R 



G M 



I 
E 



T 
F 



V 
G 



N 



08 L5 V4 A N I R K Y 
T7 K5 L4 R3 Q3 E2 G2 S V 

V6 T5 N3 D3 K3 Q2 H2 F2 S 

W3 

SB 



R9 K6 03 M3 L2 E P 



P L 



Y 
N 
A 
K 
A 
G 
L 
C 

Q 
T 
F 
V 
Y 
G 
G 
C 
R 
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Table 61: Variability of Natuially-occuring Kunitz domains (continued) 



Res. Different 

Ii — Ms Contents BPTI 

5 40 2 G33 A6 A 

41 2 N33 K6 K 

42 10 A13 68 S6 R4 N2 Q2 E K L M R 

43 1 N39 N 

44 3 N20 R14 K5 N 
10 45 2 F38 Y P 

46 11 K19Y5 E4R2V2D2B S T A L K 

47 2 T22 S17 S 

48 10 112 Q6 AS E5 L3 K2 T2 W2 R S A 

49 6 E19 K8 D7 Q3 P A E 
15 50 6 E27 D7 K2 M Q Y D 

51 1 C39 C 

52 9 R13 M7 L7 K6 Q2 N H E V M 

53 10 R20 E6 Q4 H2 K2 A N G D W R 

54 6 T24 Y5 A4 V3 12 M T 
20 55 1 C39 C 

56 9 G15 V10 R5 13 E2 A S T K G 

57 10 G17 V5 -5 A3 R2 12 P2 S D K G 

58 1 9 -15P7 A7DS2G2R F D A 



25 
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Table 62: Kunitz sequences used in compilation of Table 61 
1BPTI 

21soaprotinin 2 (SIEK88) 
5 3Isoaprotinin G-2 (SEEK88) 

4Isoaprotinin G-l (SIEK88) 

SBovine Semm (in DUFT85) 

6Bovine spleen TI H (FIOR85) 

7Snail mucus (Helix pomaiia) (WAGN78) 
10 SHemachatus hemachates (Ringnals Cobra) HHV II (m DUFT85) 

9Red sea turtle egg white (in DUFT85) 

lOBovine Colostrum (in DUFT85) 

UNaja nivea (Cape cobra) NNV H (in DUFT85) 

\2Bungarus fasciatus VIE B toxin (in DUFT85) 
15 \3Vipera ammodytes TI toxin (in DUFT85) 

HPorcine m domain 1, (in CREI87) 

ISEasss Alzhftimer's fl APP protease inhibitor (SINH90) 

16Equine ITI domain 1 (in CREI87) _ 

llBos taurus (inactive) BI-8e (ITI domain 1) (in CRH87) 
20 IZAnemonia sulcata (sea anemone) 5 II (inDUFT85) 

\9Dendroaspis polylepis potylepes (Black Mamba) E toxin (in DUFT85) 

2(W;>era /Wfi (Russel's viper) RW n (TAKA74) 

UTachypleus tridentatus (Horseshoe crab) hemocyte inhibitor (NAKA87) 

22LACI 2 (Factor Xa) (WUNT88) 
25 TSVipera ammodytes CTI toxin (in DUFT85) 

24Afe;o myo naja venom (SHAF90) r»Tnrra«;\ 

25Dendroaspis polylepis polylepis (Black Mamba) venom K (in DUFT85) 

ISHomo sapiens HI-8e "inactive" domain (in DUFT85) 

27Green Mamba toxin K, (in CREI87) „ „, t • , 5 „ nTnrrftfi 

30 IWendroaspis angusticeps (Eastern green mamba) C13 SI C3 toxm (m DUFT85) 

29LACI 3 (WUNT88) 

30Equine ITI domain 2 (in CRH87) 

l^D^oa^pofyS^^P" mamba > B toxin (in DUFT85) 
35 33Porcine ITI domain 2 (in CREI887) 

34#omo j»/wem HI-8t "active" domain (in DUFT85) 
35Bos taurus (active) BI-8t (in CRH87) 

SSS^bSp 0— «— •**> C » " ° «— «■ DUFK5 > 
40 38Green Mamba I venom (in CRH87) r»TTPTRSl 
39Dendroaspis polylepis polylepis (Black mamba) venom I (m DuFTbjJ 
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Table 63: Histogram of (Number of residues having given variability) vs. Variability 



N different 58 locations Core 51 sites 

1 10 10 

5 2 7 7 

3 1 1 

4 2 2 

5 4 4 

6 4 4 
10 7 2 2 

8 4 4 

9 7 5 

10 8 7 

11 3 3 
15 12 5 4 

13 1 1 



Table 64: Citations for Table of Naturally-Occurring Kunitz Domains (Table 62) 

20 

CREl87Creighton & Charles (1987) Cold Spring Harbor Symp Quant Biol 52:511-519. 

DUFT85Dute(1985) Eur J Biochem 153:647-654. 

F10R85Fioretti et at. (1985) J Biol Chem 260:11451-11455. 
25 GIRA90 Girard et al. (1990) Science 248:1421-24. 

KIT088 Kito et al. (1988) J Biol Chem 263(34)18104-07 

NAKA8*7,Nakamura*efca£ {\9VT)- J ^Biochem 101:1297-1306. 

SHAF90 -^Shafqat er al^i990)"Eur J Biochem 194:337-341. 

SIEK8 8 Siekmann et al. (1988) Biol Chem Hoppe-Seyler, 369: 157-163. 
3 0 TAKA74Takahashi et al. (1974) J Biochem 76:721-733. 

WAGN78Wagner et al (1978) Eur J Biochem 89:367-377. 

WUNT8 8 Wun et al. (1988) / Biol Chem 263:6001-4. 



PCT/US92/01501 



WO 92/15605 



84 



• » rt v U nitt domains on binding to serine proteases. 
Table 65: Effects of mutations to Kunitt domain 



Classes: 



X No substitution allowed. 




10 



15 



20 



25 



30 



35 



40 



1 
2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 

15 

16 

17 

IB 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 



R 
P 
I> 
F 
C 
L 
E 
P 
P 
Y 
T 
G 
P 



C 

I 

A 

F 

F 

P 

R 

Y 

F 

Y 

N 

A 

K 

A 

G 

L 

C 

Q 

T 

F 

V 

Y 



any 
any 
any 

Y, W, L 
C 

non-proline 
L, S, T, D, N, 
any 

any _ . 

non-proxxne - 

any 

must be G 

Strongly preferred, any non-proline 
V, A 

L, If M, Y, Wf H, V 
Y, Wf H 

any _ . j 

non-proline prefr'd prefr'd; M, v 

F & Y most prefr d ^ prol ? ne pre fr'd 

Y & F most prefr a, nw* * 

Y t F strongly Prefr'd 
non-proline prefr'd 

any 
any 

nS-proline prefr'd 
non-proline prefr'd 

must be C , 
non-proline P^fr'd 

f^ 0 stronlS f prefr'd; Y possible 
I" lost prefr'd; W prefr'd; F allowed 



B 



allowed 



8 

C 
X 

c 
c 
c 
c 
c 
c 
c 
c 
c 

F B 
Y B 
A 
A 
A 
A 
A 
A 
X 
B 
B 
X 

c 

B 
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Table 65: Effects of mutations to Kunitz domains on binding to serine proteases, 
(continued) 



5 


Res. 
W. 


EoiNEl Substitutions 


Class 




36 


G 


G strongly prefr'd; S, A prefr'd; 


c 




1*7 

3/ 


G 


must be G so long as 38 is C 


A 




38 


C 


C strongly piefr'd 


X 




39 


M 


any 


c 


10 


40 


6 


A,S,N,D,T,P 


c 




41 


N 


K,Q,S,D,R,T,A,B 


c 




42 


G 


any 


c 




43 


N 


must be N 


X 




44 


N 


S,K,R,T,Q,D,E 


B 


15 


45 


F 


Y 


B 




46 


K 


any non- proline 


B 




47 


ST, 


N, A, G 


B 




48 


Aany B 






49 


E 


any 


A 


20 


50 


D 


any 


A 




51 


C 


must be C 


X 




52 


M 


any 


A 




' ~53 


R 


any 


A 




54 


T 


any 


A 


25 


55 


C 


must be C 


X 




' 56 


G 


any 


A 




57 


G 


any 


A 




58 


A 


any 


A 



30 

r pref r J d stands* for^pref erred. 
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15 



25 



30 



35 
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TABLE 203 

Effect of P H <%!ft T ?£*£? m ° f 

Bound BPTI-HI ^_3 ohilized HNE 
BPTKK15D-IH ^ ^age from Immobilized 



BPTI-IH MK 



pH 


Total Plague - 
Forming Units 
in Fraction 


of Input 
Phage 


7.0 


5.0-10* 


2-10 J 


6.0 


3.8-10* 


2 -10"* 


5.0 


3.5-10* 


1-10'' 


4.0 


3.0-10* 


i-io- 3 


3.0 


1.4-10* 


1-lff* 


2.2 


2.9-10* 


I-IO"* 



BPTKK 15D-III MA 

Total Plaque- * 
Forming Units 

in Fraction Phage 



percentage of 
Input Phage - 
Recovered 



S-O-IO- 3 



1.7-10 5 

4.5-10 5 

2.1-10 4 

4.3-10* 

1.1-10 6 

5.9-10* 

Percentage of 
Input Phage - 
Recovered 



3.2-10-* 
8.6-10-* 

4.0- 10 4 
8.2-10" 1 

2.1- 10"' 

l.i-io- 1 



1.56 



- % i-TT Ml 



0.030 ml x ii. ' f , d 

40 added to the immobilized HNE. 
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TABLES 207-206 (merged) 
SEQUENCES OF THE EpiNE CLONES IN THE PI REGION 

5 

CLONE SEQUENCE 
IDENTIFIERS 



10 




111111122 
345678901 






BPTI (comp. 


only) PCKARIIRY 


(BPTI) 


15 




PCVAMFQRY 
CCT.TGC.GTG.GCT.ATG.TTC. CAA. CGC.TAT 


EpiNEar 




3, 9, 16, 
17, 18, 19 


PCVGFFSRY 
CCT.TGC.GTC.GGT.TTC.TTC.TCA. CGC.TAT 


EpiNE 3 


20 


6 


PCVGFFQRY 
CCT. TGC. GTC.GGT. TTC. TTC. CAA. CGC. TAT 


EpiNE 6 


25 


7, 13, 14 
4 


PCVAMFPRY 
cht r mr* atp rr*p t*iv rr^A nnr* t&t 

PCVAIFPRY 
CCT.TGC.GTC.GCT.ATC.TTC. CCA. CGC.TAT 


EpiNE7 
EplNB4 


30 


8 


PCVAI F K R. S 
CCT.TGC.GTC.GCT.ATC.TTC. AAA. CGC.TCT 


EpiNE8 




l, ; i>10 
--11, ~12 


• P C I - A F F P R Y 
■!CCT . TGC . ATC GCT . TTC . TTC . CCA. CGC . TAT 


EpiNE 1 


35 


5 


PCIAFFQRY 
CCT . TGC . ATC . GCT . TTC . TTC . CAA . CGC . TAT 


EpiNE 5 




2 


PCIALFKRY 
CCT . TGC . ATC . GCT . TTG . TTC . AAA . CGC . TAT 


EpiNE2 



5 


Clon@ 


10 


15 16 17 18 19 




BPTI 


TYR 


LYS ALA ARG ILK ILE 


10 


BRINK 


TYR 


PHE ALA PHE ILE ILE 




EpiC 1 


TYR 


MET GLY PHE SER LYS 




EpiC 7 


TYR 


MET ALA LEU PHE LYS 


15 


EpiC 8 


ASN 


PHE ALA ILE THR PRO 




EpiC 10 


TYR 


MET ALA LEU PHE GLN 






TVT> 


MET ALA ILE SER PRO 


ZU 








EpiC 31 


TYR 


MET ALA ILE SER PRO 




EpiC 32 


TYR 


MET ALA ILE SER PRO 


25 


EpiC 33 


TYR 


MET ASP ILE SER PRO 




EpiC 34 


TYR 


MET ASP ILE SER PRO 


30 


EpiC 35 


TYR 


LEU ASP ILE SER PRO 



PCT/US92/01501 

WO 92/15605 

88 

Table ,09: S^rTOo^^^SS select 
sequences aroun^th^Pl.regxon^^^ G 

39 40 41 42 52 P 

ARG ALA LYS ARG MET - 

ARG ALA LYS ARG GLU - 

MET GLY ASN GLY MET 3/7 

MET GLY ASN GLY MET 1/7 

MET GLY ASN GLY MET 1/7 

MET GLY ASN GLY MET 1/7 

MET GLY ASN GLY MET 1/7 

MET GLY ASN GLY MET 2/15 

GLU ALA LYS ARG MET 7/15 

MET GLY ASN GLY MET 1/15 

GLU ALA LYS ARG MET 4/15 

GLU ALA LYS ARG MET 1/15 
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TABLE 211 

Effects of antisera on phage infect ivity 



Phage Incubation pfu/ml Relative 

(dilution Conditions Titer 
of stock) 





MA-ITI 


PBS 








1.2-10" 


1.00 








do- 1 ) 


NRS 


6.8- 10 10 


0.57 






anti-ITI 


1.1-10" 


0.09 


15 












MA-ITI 


PBS 


7.7-10* 


f 1.00 




do- 3 ) 


NRS 


6.7-10 1 


0.87 






anti-ITI 


8.0-10 8 


0.01 


20 


MA 


PBS 


1.3- 10" 


1.00 




do-') 


NRS 


1.4-10" 


1.10 






anti-ITI 


1.6-10" 


1.20 




MA 


PBS 


1.3 -10 10 


1.00 


25 


(10°) 


NRS 


1.2-10 10 


0.92 






- -anti-ITI 


1.5-10 10 


1.20 



PCT/US92/01501 




25 



INPUT 

IS Final 

TBS-TWEI 

Wash 

20 pH 7.0 
pH 6.0 
pH 5.5 
pH 5.0 
pH 4.5 
30 pH 4.0 
pH 3.5 
pH 3.0 
pH 2.5 
pH 2.0 

40 



35 



^ 8 • 10 5 


1.2-10"* 


. 1.8-10' 




1.8-10- 4 


1.6-10* 


1.4-10* 


4.1-10"* 


1.0-10* 


9.4-10 5 


2.8-10'* 


1.6-10 6 


9.5-10 5 


2.9-10"* 


3.1-10 5 


1.2-10* 


3.5-10"* 


1.2 -10 5 


1.6-10' 


4.8-10"* 


7.2-10* 


9.5-10 5 


2.9-10'* 


4.9-10* 


6.6-10 5 


2.0-10"* 


2.9-10* 


1.6-10 5 


4.8-10- 5 


1.4-10* 


3.0-10 5 


9.1--10" 5 


1.7-10* 


6.4-10 6 


3-10 J 


5.7-10 6 



4.7-10" 6 

2.9-10" 6 

4.7-10- 6 

9.1-10-' 

3.5-10" 7 

2.1-10-' 

1.4 - 10" 7 

8.5- 10-* 
4.1-10-* 
5.0--10- 1 



• sm is the total Pfu (or fraction of input, obtained fro* 

45 all pH elution fractions 
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TABLE 213 

Fractionation of EpiC-10 and MA- ITT phage on Cat-G beads 

5 

EpiC-10 MA-ITI 

Sample Total pfu Fraction Total pfu Fraction 
10 in sample of input in sample of input 





TWPTTT 


D • U 1U 


1 ftft 

J. • uu 


A £ . 1 All 


^ A A 
1. 00 


JO 


Final 












TBS-TWEEN 


1 . 8 • 10 7 


3.6-10" 5 


7.1-10' 


1.5-10" 5 




naSIl 












pH 7.0 


1.5-10 7 


3.0-10" 5 


6.1-10' 


1.3-10- 5 


20 














pH 6.0 


2 . 3 • 10 7 


4.6-10- 5 


2.3-10* 


5 . 0 ♦ 10-* 




pH 5.5 


2.5-10 7 


5.0-10" 5 


1.2-10' 


2 . 6 • 10-* 


25 


pH 5.0 


2.1-10 7 


4.2-10" 5 


1.1-10* 


2.4-10" 6 




pH 4.5 


1.1-10 7 


2.2-10 J 


6.7-10 5 


1.5-10-* 




pH 4.0 


1.9-10* 


3 . 8 • 10 1 * 


4.4-10 5 


9.6-10" 7 


30 














-pH 3.5 


.-. IV 1-MO 6 


2X2-10" 6 


4 . 4 • 10 5 


9.6-10" 7 




,pH 3.0 


4. 8^1 0 s 


9J.6-10" 7 


3. 6 -10 s 


7.8- 10* 7 


35 


pH 2.5 


2.0-10 5 


4.0- 10" 7 


2.7-10 5 


5.9-10" 7 




pH 2.0 


2.4-10 5 


4.8'10- 7 


3.2-10 5 


7.0-10' 7 



HO ISfof *v9:9-10 7 2*10^ 1.4-10 7 3-10" 5 



SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 

45 
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AFFINITY ESTIMATED 
CLASS K D 



FRACTION OF pH ELUTION 
INPUT BOUND MAXIMUM 



PROTEIN 



WEAK K D > 10-* M 



<0.005%> pH 6.0 



ITI-D1 



MODERATE 10" 1 M. to 
10 10-' M 



0.01% to 
0.03% 



pH 5.5 to 
pH 5.0 



BITI 
ITI-E7 



STRONG 10-* IS to 0.03% to 

l0 -» U 0.06% 



15 



pH 5.0 to 
pH4.5 



BITI-E7 
BITI -E7- 1222 

AMINOl 
AMIN02 
MUTP1 



VERY 

20 STRONG K D < 10-" 11 M >0.1% 



£. pH 4.0 



BITI-E7-141 
MUTT26A 
MUTQE 
MUT1619 



25 
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TABLE 211 







Effects of antisera on phage 


infect ivity 


5 


Phage 
(dilution 
of stock) 


Incubation 

LUUQ1 u ions 


pfu/ml 


Relative 
Titer 


10 


MA-ITI 

(io-«) 


pnc 
NRS 
anti-ITI 


1 O • 1 All 

6.8-10 10 
1.1-10 10 


1.00 
0.57 
0.09 


15 


MA-ITI 
(10' s ) 


PBS 
NRS 
anti-ITI 


7.7-10* 
6.7-10* 
8.0-10* 


1.00 
0.01 


20 


MA 

do-') 


PBS 
NRS 
anti-ITI 


1.3-10" 
1.4-10" 
1.6-10" 


1.00 
1.10 
1.20 


25 


MA 

(io-») 


PBS 
NRS 
anti-ITI 


1.3-10 10 
1.2-10 10 
1.5-10 10 


1.00 
0.92 
1.20 
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TABLE 212 

Practicmatio of BpiNE-7 and MA-ITI phage cn hKE bead. 




10 



15 Final . . 1fr 4 

TBS-TWEEN 3 . 8 • 10 5 1-2-10 



25 



Wash 

20 pH 7.0 
pR 6.0 
pH 5.5 
pH 5.0 
pH 4.5 
30 pH 4.0 
pH 3.5 
pH 3.0 
pH 2.5 
pH 2.0 

40 



35 



« • «*- 

1.4-10 6 

9.4- 10* 

9.5- 10* 
1.2-10* 

1.6- 10* 

9.5- 10 5 

6. 6- 10* 
1.6-10 5 
3.0-10 5 



10"* 
4.1-10-* 

2.8- 10- 4 

2.9- 10 4 
3.5-10"* 

4.8- 10 4 

2.9- 10" 

2.0- 10'' 
4.8-10" 5 

9.1- 10" 5 



1.6-10* 

1.0- 10* 
1.6-10* 

3.1- 10 5 

1.2- 10 5 
7.2-10* 
4.9-10* 
2.9-10* 
1.4-10* 
1 . 7 • 10* 



4.7-10"* 
2.9-10" 6 
4.7-10- 6 
9.1-10' 7 
3.5-10' 7 
2.1-10" 7 

1.4- 10" 7 

8. 5 - 10-* 
4.1-10" 1 
5.0-10"* 
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TABLE 213 

Fractionation of EpiC-10 and MA-ITI phage on Cat-G beads 



5 







EoiC- 


10 


MA- 


ITI 


10 


Sample 


Total pfu 
in sample 


Fraction 
of input 


Total pfu 
in sample 


Fraction 
of input 




INPUT 


5.0-10" 


1.00 


4.6-10" 


1.00 


15 


Final 

TBS-TWEEN 

Wash 


1.8-10 7 


3.6-10' 5 


7.1-10 6 


1.5-10" 5 


20 


pH 7.0 
pH 6.0 


1.5-10 7 
2 . 3 - 10 7 


3.0-10" 5 
4.6-10" 5 


6.1 -10* 
2.3-10* 


1.3-10" 5 
5.0-10" 6 




pH 5.5 


2.5-10 7 


5.0-10" 5 


1.2-10 6 


2.6- 10"* 


25 


pH 5.0 


2.1-10 7 


4.2-10" 3 


1.1-10* 


2.4-10-* 




pH. 4.5 


1 . 1 • 10 7 


2.2-10" 5 


6.7-10 5 


1.5-10"* 


30 


pH 4.0 

-pH 3.5 


1.9-10* 
1:1- 10* 


3.8- 10"* 
2.2-10-* 


4.4 -10 5 
4.4-10 3 


9.6-10 -7 
9.6-10" 7 




t pH - 3 . 0 


4 . 8 • 10 5 


9.6-10* 7 


3.6-10 5 


7.B-10" 7 


35 


ipH- 2.5 


2.0-10 5 


4.0-10- 7 


2.7-10 5 


5.9- 10- 7 




pH 2.0 


2.4-10 5 


4.8-10' 7 


3.2-10 5 


7.0-10" 7 


40 


-SUM* 


9.9 -10 7 


2-10-* 


1.4 -10 7 


3-10 J 



SUM i9 the total pfu (or fraction of input) obtained from 
all pH elution fractions 

45 
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10 



15 WASH 



"SUM is the total fraction of input pfu obtained from all 
elution fractions 



pH 
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TABLE 215 

Fractionation of EpiNE-7 and MA-ITI-E7 phage on hNH beads 



5 





EDiNE 


-7 


MA-ITI 


-E7 


Sample 

10 


Total pfu 
in sample 


Fraction 
of input 


Total pfu 
in sample 


Fraction 
of input 


INPUT 


1 . 8 • 10 9 


1.00 


3 . 0 • 10' 


1.00 


15 

P H 7.0 


5.2 -10 s 


2.9- 10"* 


6. 4* 10* 


2 1 • 10" 1 


pH 6.0 


6.4-10 5 


3.6-10* 4 


4.5-10 4 


1 S^IO" 5 


20 pH 5.5 


7.8-10 5 


4.3-10 -4 


5. 0*10 4 


1 7 • 10* 5 

A * / AV 


pH 5.0 


8 . 4 • 10 5 


4.7-10- 4 


5.2-10 4 


1.7-10- 4 


pH 4.5 

25 

. pn 4 . 0 


1.1*10* 

1.7* 10 


6.1-10 -4 
9 .4*10 


4.4-10 4 
2.6- 10 


1.5-10" 5 
8.7-10"* 


tt "H* 3-. 5 


■l.lrlO 6 


6 . 1 • 10"* 


1.3-10 4 


4.3-10" 6 


30 *pH- 3.0 


3.8-10 5 


2 . 1 • 10"* 


5. 6-10' 


1.9-10-* 


-<*<pH- 2% 5 


8* 10 s 


1.6- 10"* 


4.9-10' 


1.6-10" 6 


^pH 2.0 

35 


2.9-10 3 


1.6-10" 4 


2.2-10' 


7.3 -10- 7 


SUM* 


7.6-10 6 


4.1-10-' 


3.1-10 5 


1.1-10"* 



40 ;^SUM is the total pfu (or fraction of input) obtained from 
all .pH elution fractions 
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TABLE 216 




15 INPUT 

pH 7.0 
20 pH 6.0 
pH 5.0 
pH 4.5 

25 

pH 4.0 
pH 3*5 
30 pH 3.0 
pH 2.5 
pH 2.0 

35 



40 



2.O10 10 


1.00 


6 . 010' 


2.410 5 


1.2 10" 5 


2.810 5 


2 . 5 - l0 ? 




2 . 810* 


9.610* 


4.810" 6 


3.710 5 


4.410* 


2.210- 6 


3 . 810 s 


3.110* 


1.6-10-* 


2.410 5 


8.610* 


4.310' 6 


9.010* 


2.210* 


1.110* 6 


8.910* 


2.2-10 4 


l.llO" 6 


2.310* 


7.710 3 


3.810" 1 


8.710 3 



4.710* 
4 . 710' 5 
6.210-* 
6.310- 5 
4.010" 5 
1.510 J 
1.5-10" 5 
3.810" 6 
1.410" 6 
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TABLE 216 
(continued) 

Fractionation of MA-EpiNE-7, MA-BITI and MA-BITI-E7 on hNE beads 



Mft-EpiNE-7 



10 Sample Total pfu 



Fraction 







Ii3 ill 


i ft ft 


15 










pH 7.0 


2. 910* 


1.910"* 




pH 6.0 


3 . 710 5 


2.510"* 


20 


pH 5.0 


4.910 5 


3.310"* 




pH 4.5 


6 . 010 5 


4.010"* 




pH 4.0 


6.4-10 5 


4.310"* 


25 










pH 3.5 


•5.-010 5 


3.3 10"* 




pH 3.0 


1.910 5 


1.310"* 


30 


pH 2.5 


7.710 4 


5.110- 5 




pH.2.0 


. 9:7:10* 


6.510-* 


35 


SUM* 3V; 


310 6 


2.210" 3 



* SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 

40 
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Fractionation of MA 



TABLE 217 

-BITI-E7 and MA-B1TI-E7-1222 on hNE beads 



f«ft-WTTT-B7 



rffl .p TTT .R7-1222 



irys srss ssus 



Fraction 
of input 



15 INPUT 1.3-10 9 



25 



pH 7-0 
20 pH 6-0 
pH 5.5 
pH 5-0 
pH 4.5 
pH 4.0 
30 pH 3.5 
pH 3.0 
pH 2.5 



35 



pH 2.0 
SUM* 3.810 5 



40 



1.00 



1.2-10 9 



1.00 



4.7-10* 


3.6-10-* 


4.010* 


3.310 4 


5.310* 


4.1-10" 5 


5.510* 


4 . 6-10" 5 


7 . 110* 


5 . 5-10" 5 


5.410* 


4 . 5-10-* 


9 . 010* 


6.910- 5 


6.710* 


5 . 610" 5 


6.210* 


4 . 8-10" 5 


6.710* 


5.610" 5 


3.410* 


2.610" 5 


2.710* 


2.2-10-* 


1.810* 


1.4-10* 


2.310* 


1.910" 5 


2.5-10* 


1.910" 6 


6.3-10 3 


5.210-* 


<1.310 s 


<i.o-io-* 


<1.310 3 


<i.o-io-* 


1.310' 


1.010" 4 


1.310 s 


l.oio- 6 



2.910-* 



3.410 5 



2.810-* 



* SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 
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TABLE 218 

Fractionation of MA-EpiNE7 and MA-BITI-E7-141 on hNE beads 

5 



10 Sample Total pfu Fraction Total pfu Fraction 
in sample of input in sample of input 



15 INPUT 


6.110* 


1.00 


2.010' 


1.00 


pH 7.0 


5.310 4 


8.7-10- 5 


4.510 s 


2.210" 


20 pH 6.0 


9 . 7-10* 


1.610- 4 


4.410 s 


2.210" 


pH 5.5 


1.110 s 


1.810" 


4.410 s 


2.210" 


pH 5.0 


1.410 s 


2 . 310"* 


7.210 s 


3 . 610" 


25 










pH 4.5 


1.010 s 


1.610" 


1.310 6 


6.510"* 


pH 4.0 


2 . 010 s 


3 . 310" 


1 . 110' 


5.5 10" 


30 pH 3.5 


9 . 710* 


1.610" 


5.910 s 


3.010" 


pH 3.0 


3 . 810 4 


6.2-10- 5 


2 . 3 10 s 


1.210" 


pH 2.5 


1.310* 


2.110" 5 


1.210 s 


6.010- 5 


35 










pH 2.0 


1 . 610 4 


2.610 4 


1 . 010 s 


5.010' 5 



SUM* 8 . 6 1 0 5 1.4-10 -3 5.510 6 2.810' 3 

40 _ 



* SUM is the total pfu {or fraction of input) obtained from 
all pH elution fractions 
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TABLE 219 



pH Elution Analysis of hNE Bilnding 
by BITI-E7-141 Varient Display Phage 



10 



DISPLAYED 
PROTEIN 



FRACTION OF INPUT 
PR COVERED AT t>H; 



RECOVERY 



INPUT 
PFU* 



7.0 d 



3 # 5* 2.0 d TOTAL* RELATIVE' 



15 AMIN01 b 


0.96 


0.24 


2.3 


0.35 


2.9 


AMIN02* 


6.1 


0.57 


2.1 


0.45 


3.1 


BITI-E7-1222 b 


1.2 


0.72 


4.0 


0.64 


5.4 








e a 


** .2 


9 = 0 


EpiNE7 b 


0.72 


0 . 44 


v . -x 






20 MUTP1 - 


3.9 


1.8 


9.2 


1.2 


12 


MUT1619 b 


0.78 


0.82 


9.9 


0.84 


12 


MUTQE 1 


4.7 


1.2 


16 


5.3 


22 


MUTT2 6A b 


0.51 


2.5 


19 


3.3 


25 


25 BITI-E7-141 1 


1.7 


2.2 


18 


5.4 


26 


BITI-E7-141 b 


0.75 


2.1 


21 


3.2 


26 



0.11 
0.12 
0.21 

0.35 
0.46 
0.46 

0.85 
0.96 
1.00 
1.00 



• results from abbreviated pH elution protocol 
b results from extended pH elution protocol 

c units are 10' pfu 

• units are 10 -4 

• sum of pH 7.0, pH 3.5. and pH 2.0 recoveries, 
units are 10" 4 

' total fraction of input recovered divided by to 
fraction of input recovered for BITI-E7-141 
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TABLE 220 

WEAK (K D > 10"* M) 

1 . KEDSCQLGYSAGPCIOCTSRYFYNGTSMACETFQYGGCMGNGNNFVTEKDCLQT^ 

5 

MODERATE (10* > K D > 10"*) 

2 . KEDSCQLGYSAGPC^^RYFYNGTSMACBTFQYGGC^NGNNFV^ 

3 . ^DFCQLGYSAGPCMGMTSRYFYNGTSMACETFQYGGCMGNG^ 

10 

STRONG {10"* > JC D >10""D) 

4 . ' ^DPCQLGYSAGPC^^^ERYFYNGTSMACETFQYGGCMGNGNNFVTEKDCLQTCRGA 
5 • EPDFCQLG YSTG PCVAMPgR YF YNGTSMACETFQ YGGC>5GNGNNFVTE KD CLQTCRGA 

15 6 . KEDFCQLGYSAGPCVAM2ERYFYNGTSMACETFQ 

7. KPDSCQLGYSAGPCVAMEPRYFYNGTSMACETFQYGGC^ 

8. ^DFCQLGYSAGPCIG^SRYFYNGTSMACETFQYGGC>^GNNFVTEKDCLQTCRGA 
VERY STRONG (K D < 10 n M) 

20 

1111111111222222222233333333334444444444555555555 
1234567890123456789012345678901234567890123456789012345678 

9 . EEDFCQLGYSAGPQSSMEERYFYNGTSMAC^ 

10. MDZCQLGYSAGPCYJ^^RYFYNG^MACflTFVYGGC^ 

25 11. MDFCQLGYSAGPCY^^RYFYNGTSMACETFYYGGC^NGNNFVTEim 
12 . EEDZCQLGYSAGPCSG^SRYFYNGTSMAQJTF^GGCMGNGNN^ 

Residues shown underlined and bold are changed from those present 
in ITI-D1. 

30 





1. 


ITI'-Dl 






2. 


ITI-E7 






3. r, 


BITI 




35 


4. 


BITI-E7 






5. 


BITI-E7- 


1222 




€. 


AMIN01 






7. 


AMIN02 






8. 


MUTP1 




40 


9. 


BITI-E7- 


141 




10. 


M0TT26A 






11. 


MUTQE 






12. 


MOT1619 
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TABLE 221 

Information same as in Table 220, but focuses on 
sites where alterations were made 

5 WEAK <JC D > 10 4 M) 

1 . KEDSCQLGYSAGPCMG>rrSRYFYNGTSMACETFQYGGCMGNGNNFVTEKDCIiQTCRGA 
l! KE.S A. ..MGMTS T E. .Q 

10 MODERATE (10"* > K D > 10"*) 

2. KE.S A...VAMIE T E. .Q 

3. R£.£ A... MGMTS T E..Q 

15 STRONG (10* > K„ >10 M D) 

4. EE-Z A...^ME£ T E..Q 

5. SE.E I...VAWZE T E..Q 

6. KE.E A. . .VAMEE T....E..Q 

20 Tr. KE.S A...VAMZE T E..Q 

6. A iW4£a A • w " 

VERY STRONG (K D < 10"" M) 

25 9- RP.P A. ..VAMEE T Q. -Y 

10. RP.F A VAMFP A....Q..V 

11. &E*Z A...vaMEE T E..V 

12. &P.P A. * -VOffiS T 

30 Sequence key same as in Table 220 
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CLAIMS 

1. An inhibitor of human neutrophil elastase which is 
selected from the group consisting of EpiNEa, EpiNEl , EpiNE2 , 
EpiNE3 , EpiNE4 , EpiNES , EpiNEG , EpiNE7 , EPINE8 . 

5 

2. An inhibitor of human cathepsin G which is selected from 
the group consisting of EpiCl, EpiC7, EpiCB, EpiCIO, EpiC20, 
EpiC31, EpiC32, EpiC33, EpiC34, and EpiC35. 

10 3 . An inhibitor of human neutrophil elastase which is 

selected from the group consisting of ITI-E7, BITI-E7, BITI-E7- 
1222, AMINOl, AMIN02, MUTP1, BITI-E7-141, M0TT26A, MUTQE, and 
MUT1619 in Table 220. 

15 4. A homologous inhibitor of a reference inhibitor according 

to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A 
according to Table 65. 

20 5. A homologous inhibitor of a reference inhibitor according 

to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A or B 
according to Table 65. 

25 6. A homologous inhibitor of a reference inhibitor according 

to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A, B or 
C according to Table 65. 

30 7. An inhibitor of human neutrophil elastase which is a 

compound having the formula of Figure 8, wherein 

R,is hydrogen, L-prolyl, L,L cystinyl ( i.e. NH^-CHtCHj-S-S-CHj- 
CH(NH 2 ) -C00H) -CO-) , L-valyl, other amino acids, or a carboxylic 
acid derivative having 2-8 carbons, 
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Rjis 2 -propyl or secondary butyl, . 

Xis -CO-CB,-, -CO-CFH-, -CO-CFH-CH,-, -CO-CF 2 - , -CO-CF 2 -CH 2 - , - 
B(OH)-CH 2 -, -BtOR^-CH,-, -SO-CH,-, -CO-S, or -CO-CO-, 
R 3 ie -H r -CH 3 , -CH 2 -COOH, or -CHj-CH 3 -COOH, 
5 R4 is -CH 2 -phenyl or -CHj-CHa-S-CHj, 

Rjie -CH 2 -phenyl or other arylmethyl group, 

R«is -NHa, -OH, or an additional N- linked amino acid, and 

R 7 is a small alkyl group. 

10 8. An inhibitor of human neutrophil elastase which is a 

compound having the formula of Figure 9, wherein 
R, is a relatively rigid bifunctional linker, 
R 2 is 2 -propyl or secondary butyl, 

X is -CO-CHj- , -w-uiH-uij-, i ^ —a 

15 CH,-. -B(0H)-CH,-, -B (OR 7 ) -CHj- , -SO-CH,-, -CO-S, or -CO- 

CO-, 

R, is -H, -CH„ -CHj-COOH, or -CHj-CHj-COOH, 
R4 is -CH 2 -phenyl or -CH 2 -CH 2 -S-CH 3 , 
Rjis -CHj-phenyl or other arylmethyl group, 
20 R«is -NHj, -OH, or an additional N-linked amino acid, and 
R,is a small alkyl group. 

9. The inhibitor of claim 8 wherein R, is a tricyclic 
aromatic ring system having diametrically opposed functionalities 

25 one of which allows linkage to the amino group attached to C, and 
another that allows linkage to the carbonyl carbon labeled C„. 

10. The inhibitor of claim 9 wherein R, is 2-carboxymethyl- 
6 - aminome thy 1 anthraquinone . 

30 

11. An inhibitor of human neutrophil elastase which is a 
compound having the formula of Figure 12, wherein 

Dl and D2 are, independently, a hydroxyl group or a group that 
is capable of being hydrolyzed in aqueous solution to a hydroxyl 
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group at physiological conditions, 

R 3 is -H, -CH 3 , -CHj-COOH, or -CH 2 -CH 2 -COOH, 
Rjis -CHj-phenyl or -CH 2 -CH 2 -S-CH 3 , 
R,is -CH 2 - phenyl or other arylmethyl group, 
5 Rtfis -NH 2 , -OH, or an additional N-linked amino acid. 



12. Use of an inhibitor according to any of claims 1-11 in 
the manufacture of a composition for the treatment or prophylaxis 
of a condition of the body caused by excessive neutrophil 

10 elastase activity* 

13. Use of an inhibitor according to any of claims 1-11 in 
the manufacture of a composition for the treatment or prophylaxis 
of a condition of the body caused by excessive cathepsin G 

15 activity. 
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